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INTRODUCTORY  NOTE. 


When  the  problem  of  utilizing  the  observations  of  occultations  at  the  several  Transit 
of  Venus  stations,  so  as  to  determine  the  longitudes  of  those  stations  with  all  attainable 
accuracy,  was  presented  to  the  Commission  on  the  'Transit  of  Venus,  it  was  found  neces¬ 
sary  to  make  a  careful  determination  of  the  errors  of  the  lunar  ephemeris  before  an 
entirely  satisfactory  solution  of  the  problem  could  be  attempted.  'The  Secretary  of  the 
Commission  was  therefore  charged  with  this  work,  most  of  the  computations  on  which 
have  been  made  under  his  direction  by  Mr.  1).  1*.  Todd,  computer  for  the  Commission. 

Washington,  May  25,  1876, 
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OF  THE  MOON. 


T  A  B  L  E  S 


INVESTIGATION  OF  ERRORS  OF  LONGITUDE. 

Ono  of  the  most  important  operations  in  connection  with  the  observations  of  the 
transit  of  Venus  is  the  accurate  determination  of  the  longitudes  of  the  stations.  Many 
of  these  stations  are  so  far  removed  from  telegraphic  communication  that  the  longitudes 
must  depend  mainly  on  the  moon.  Determinations  of  longitude  from  moon  culmina¬ 
tions  are  found  by  experience  to  he  subject  to  constant  errors  which  it  is  difficult  to 
determine  and  allow  for.  It  was  therefore  a  part  of  the  policy  of  the  American  Com¬ 
mission  to  depend  on  occupations  rather  than  upon  moon  culminations  lor  the  determi¬ 
nation  of  longitudes.  \  he  reason  for  this  course*  is,  that  the  disappearance  of  a  star 
behind  the  limb  of  the  moon  is  a  sudden  phenomenon,  the  time  of  which  can  always  be 
fixed  within  a  fraction  of  a  second.  If  the  ephemeris  of  the  moon  and  star  were  cor¬ 
rect,  and  the  disk  of  the  former  a  perfect  circle,  the  longitude  could  be  determined 
from  the  occupation  with  the  same  degree  of  accuracy  that  the  phenomenon  could  be 
observed.  The  question  arises,  how  far  these  sources  of  error  can  be  diminished.  The 
inequalities  of  tin*  lunar  surface  form  a  source  of  error  which  it.  is  impossible  to  avoid, 
but  which  is  comparatively  innocuous  when  many  observations  are  made,  since  the 
errors  will  be  purely  accidental,  and  will  therefore  be  eliminated  from  the  mean  of  a 
great  number  of  observations. 

The  position  of  the  star  can  be  determined  by  meridian  observations  with  almost 
any  required  degree  of  accuracy.  We  have,  then,  only  to  see  how  far  the  errors  of  the 
lunar  ephemeris  can  be  diminished;  and  to  reduce  these  errors  to  a  minimum  is  the 
object  ol  the  present  paper. 

Hansen’s  tables  are  taken  for  this  purpose,  because  there  is  reason  to  believe  that 
the  perturbations  on  which  these  tables  are  founded  are,  in  the  main,  extremely 
accurate;  more  accurate  and  complete,  in  fact,  than  any  others  which  have  been 
tabulated.  Still,  before  they  can  be  used  for  the  purpose  in  question,  a  number  of  very 
important  corrections  are  required,  which  we  may  divide  into  two  classes, — corrections 
to  the  theory,  and  to  the  elements. 

It  is  well  known  that  Hansen  increased  all  tin*  perturbations  of  his  tables  by  the 
constant  factor  0.0001544,  on  account  of  a  supposed  want  of  coincidence  between  the 
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center  of  figure  and  the  center  of  gravity  of  the  moon.  I  have  shown  that  Hansen 
fails  to  sustain  this  position,  and  that  there  is  no  good  reason  to  suppose  that  the  moon 
differs  from  any  other  of  the  heavenly  bodies  in  this  respect.*  Our  first  course  would 
therefore  be  to  diminish  all  of  Hansen’s  inequalities  by  this  factor,  were  it  not  that  there 
are  reasons  why  each  of  the  two  greatest  perturbations  of  the  moon’s  motion, — 1  lie  evee- 
tionand  the  variation, — should  be  found  larger  from  observation  than  he  found  them  from 
theory. 

Evection.— The  evection  has  the  eccentricity  as  a  factor;  the  value  of  the  other 
factor  being  nearly  0.4.  If,  then,  the  adopted  eccentricity  of  the  moon  be  erroneous, 
the  computed  evection  will  be  erroneous  by  four-tenths  the  amount  of  the  error.  Now, 
by  reference  to  Hansen’s  u  Earle  gun  g  der  theoretisclien  Berechnung  der  in  den  Mondta- 
feln  angewandten  Storungcn” f  (page  173),  it  will  be  seen  that  the  eccentricity  adopted 
throughout  in  the  computation  of  the  perturbations  of  the  moon  is  less  by  0.0000073 
than  the  value  he  finally  found  from  observation,  and  adopted  in  the  tables.  Had  he 
used  the  latter  value,  the  theoretical  evection  would  have  been  greater  by  the  fraction 

-  ■  '  j  —  0.000 133.  The  factor  actually  used  being  0.0001  <3  44,  the  evection,  t  hus  in- 

.0549008  J  ® 

creased,  is  too  large  by  only  0.00002 1  of  its  entire  amount,  or  o".og.  Consequently 
the  tabular  coefficient  of  evection  should  be  diminished  by  this  amount.  Precisely  the 
same  result  follows,  it*  we  adopt  Hansen’s  view  of  a  separation  of  the  centers  of  figure 
and  gravity  of  the  moon;  and  Hansen  himself  is  led  to  it  on  page  175  of  the  work  cited, 
only  instead  of  o".og,  he  says,  “kein  voiles  Zehntheil  einer  Secunde.’’ 

Variation. — That  the  coefficient  of  variation  resulting  from  meridian  observations 
will  be  greater  than  the  actual  coefficient  may  be  anticipated  from  the  following  con¬ 
siderations.  The  inequality  in  question  attains  its  maxima  and  minima  in  the  moon’s 
octants.  In  the  first  octant,  we  have  a  maximum.  The  elongation  of  the  moon  from 
the  sun  is  then  about  3*' ;  and  the  observed  position  of  the  moon  is  mainly  dependent  on 
observations  of  the  first  limb  made  in  the  daytime,  when  the  apparent  semi-diameter  of 
the  moon  will  be  diminished  by  the  brilliancy  of  the  surrounding  sky.  No  account  of 
this  diminution  of  the  apparent  semi-diameter  being  taken  in  the  reductions,  the  semi¬ 
diameter  actually  applied  is  too  large,  and  the  observed  right  ascension  of  the  moon  is 
also  too  large. 

When  the  moon  reaches  the  third  octant,  the  value  of  the  variation  attains  its  min¬ 
imum.  The  moon  then  transits  at  9'',  and  the  meridian  observation  is  made  on  the  first 
limb,  while  the  apparent  semi-diameter  is  increased  by  the  irradiation  consequent  upon 
the  contrast  between  the  moon  and  t  he  sky.  The  result  will  be  that  the  observed  right 
ascension  will  be  too  small. 

The  same  causes  will  make  the  observed  right  ascension  too  great  in  the  fifth 
octant,  and  too  small  in  the  seventh.  These  positive  and  negative  errors  of  observed 
right  ascension  correspond  to  the  times  of  maximum  and  minimum  effects  of  variation 
in  increasing  the  longitude  of  the  moon.  Therefore,  the  observed  variation  will  appa- 

*  Proceedings  of  the  American  Association  for  the  Advancement  of  Science,  1868. — Silliman’s  American  Journal 
of  Science,  November,  1868. 

t  Abhandlungen  der  mathemutisch-physiscben  Classe  der  Kdniglicli-Siicbsischen  Gesellschaft  der  Wissenschaften 
Band  vi. 


rent ly  be  larger  than  the  actual  variation,  whatever  this  may  be.  This  seems  a  much 
more  natural  ami  probable  cause  for  the  apparent  excess  of  the  observed  over  the  theoreti¬ 
cal  perturbations  than  1  hat  assigned  by  Hansen.  Hansen’s  factor  only  increases  the  coeffi¬ 
cient  in  question  byo^.33;  but  it  seems  probable  that  the  variation  derived  from  obser¬ 
vations  alone  would  be  yet  larger  than  Nansen’s  increased  variation.  In  tact,  in  1867,  1 
found,  l>v  comparing  the  errors  of  the  lunar  ephemcris  when  the  moon  culminated  at 
different  times  of  the  day,  that  the  effect  of  the  greater  irradiation  at  night  was  very 
strongly  marked.  During  the  four  years  1862-65  the  mean  errors  ot  the  tables  in 


right  ascension  at  different  times  of  day  were  as  follows:* 

8. 

Before  sunset .  — o.  154 

After  bright  daylight  in  the  evening. . .  ...  —  o.  093 
Before  bright  daylight  in  the  morning....  +  0.091 
Alter  sunrise .  -f  o.  153 


In  the  difference  between  the  results  for  each  limb,  the  effect  ot  increased  irradia¬ 
tion  seems  to  be  o*.o6. 

The  only  remaining  term  which  is  large  enough  to  be  materially  affected  by  the 
increase  in  question  is  the  annual  equation,  of  which  the  increase  is  o".io. 

A  glance  at  the  errors  of  1 1 ansen’s  tables,  given  bv  meridian  observations,  will  show 
that  the  errors  about  the  time  of  first  quarter,  and,  indeed,  during  the  first  half  of  the 
lunation,  are  in  the  mean  less  by  between  3"  and  4"  than  during  the  second  half. 
Hence, either  the  semi-diameter, or  the  parallactic  equation,  or  both,  are  too  large.  The 
parallactic  equation  used  by  Hansen  corresponds  to  a  value  8". 9 16  for  the  solar  paral¬ 
lax,  which  value  is  too  large  by  probably  not  much  less  than  o".io.  The  result 
which  I  deduced  in  1867  from  all  the  really  valuable  data  extant  was  S".S4<S  ;  and  the 
determinations  which  have  since  been  made,  when  revised  with  the  best  data,  seem  to 
indicate  a  diminution  of  this  value  rather  than  an  increase.  These  indications  are,  how¬ 
ever,  as  yet,  a  little  too  indefinite  to  predicate  anything  upon.  I  shall  therefore  con¬ 
tinue  to  use  8". 848,  which  will  diminish  Hansen’s  value  by  o'. 068.  The  corresponding 
diminution  in  the  principal  parallactic  term  will  be  o". 9.6,  while  there  will  be  two  other 
terms  to  receive  a  smaller  diminution. 

This  correction  will  still  leave  a  difference  of  about  2"  between  the  results  from 
tin*  first  and  second  limbs,  which  will  be  accounted  for  by  an  error  of  1"  in  the  adopted 
semi-diameter.  This  correction  to  the  semi-diameter  is  a  priori  quite  probable,  as  the 
improved  meridian  instruments  of  the  present  time  give  a  semi-diameter  of  the  sun  1" 
less  than  the  older  ones  from  which  the  diameters  adopted  in  our  ephemerides  were 
derived.  It  is  to  be  expected  that  the  semi-diameter  of  the  moon  will  exhibit  a  sim¬ 
ilar  apparent  diminution. 

From  a  note  iifl  lansen’s  Darlegnng  (page  439),  it  will  be  seen  that  one  of  the  terms 
in  the  true  longitude  has  crept  into  the  tables  with  a  wrong  sign.  As  employed  in  the  tables, 
and  given  on  page  15  of  the  introduction,  it  is,  +  0+335  sin  (2g  —  4g'  -(-26) — 4&>'). 


As  revised  in  the Darlegung ,  it  is .  —  0T285  sin 

Therefore  the  tables  need  the  correction . — o'  . 62  sin 


Iuveatigatiou  of  the  I>ittt;mce  of  the  Sun,  p.  24. 
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The  following  is  a  list  of  the  corrections  we  have  so  far  deduced  to  Hansen’s  tahies. 
Thev  should  in  strictness  he  applied  to  the  mean  longitude,  or  “ Argument  fondamental'\ 
but  they  may  without  serious  error  be  applied  to  the  true  longitude. 

Put 

]),  the  argument  of  parallactic  inequality,  or  mean  elongation  of  the  moon  from 
the  sun  ; 

gy  the  moon’s  mean  anomaly; 

g' ,  the  sun’s  mean  anomaly  ; 

co,  the  distance  of  the  moon’s  perigee  from  the  ascending  node; 

<*>',  the  distance  of  the  sun’s  perigee  from  the  same  node. 

AVe  then  have 

])  —  g  —  g'  -f-  GO  —  G)'y 

and  the  corrections  in  question  are, 

// 

+  0.96  sin  J)  'j 

— |-  0.07  Sill  (  /t  —  g  )  V  Parallactic  term*. 

—  0.13  sin  (D  -f-g' )  A 

-[-  O.O9  Sill  g'  Annual  equation. 

—  0.33  sin  2  D  Variation. 

—  O.  I  O  Sill  (2. 1)  —  g)  Ever  turn. 

—  0.62  Sill  (  g  2  —  zj.  g'  2  CO  —  4  CO*  )  Acciilental  error. 

The  fourth  and  tilth  terms  of  this  expression  have  the  effect  to  remove  the  increase 
which  Hansen  applied  to  his  inequalities  on  account  of  the  position  of  the  center  of 
gravity  of  the  moon,  while  the  sixth  is  the  result  of  the  slight  error  of  the  eccentricity 
which  lie  employed  in  computing  the  coefficient  of  evection. 

In  comparing  with  meridian  observations  which  have  been  reduced  without  any 
correction  to  the  apparent  semi-diameter  depending  on  the  time  of  day,  the  correction 
of  variation  may  also  he  omitted,  since  a  yet  larger  apparent  correction,  having  the  oppo- 
site  algebraic  sign,  will  result  from  the  apparent  variations  of  that  semi-diameter,  as 
already  explained. 

As  regards  the  possible  corrections  to  f  lic  elements  of  Hansen’s  tables,  it  is  to  be 
remarked  that  that  investigator  did  not  avail  himself  of  the  elements  of  the  lunar  orbit 
deduced  by  Airy  from  the  Greenwich  observations  between  1750  and  1830,  but  obtained 
his  final  values  of  the  elements  by  a  comparison  of  his  own.  Of  the  nature  and  extent 
ot  the  observations  thus  employed,  we  have  no  details ;  but  it  is  not  likely  that  more 
than  a  very  small  fraction  of  the  entire  mass  of  observations  was  used,  and  if  can  there¬ 
fore  hardly  be  expected  that  the  elements  were  determined  with  the  last  degree  of 
accuracy.  A nyr  error  in  the  motion  of  the  perigee  or  node  will  constantly  increase  with 
the  time.  If,  in  addition  to  this,  we  reflect  that  the  meridian  observations  of  the  last 
twenty  years  are  far  more  accurate  than  those  Hansen  had  at  his  disposal,  it  will  not 
seem  at  all  surprising  to  find  quite  sensible  errors  in  the  present  longitudes  of  the  lunar 
perigee  and  node  as  derived  by  Hansen.  Our  next  step  will  therefore  be  to  determine 
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what  corrections  to  Hansens  elements  arc  indicated  I » y  the  recent  observations  of  the 
moon  made  at  Greenwich  and  Washington  since  1862,  a  period  during  which  both 
series  of  observations  are  carefully  compared  with  Hansen’s  tables. 

Tin  *  general  ideas  on  which  the  present  investigation  of  these  corrections  is  based 
are  these:  the  errors  of  the  moon’s  tabular  longitude  are  of  two  classes, — a  progressive 
correction,  which  apparently  increases  uniformly  with  the  time;  and  errors  of  short 
period,  the  principal  ones  of  which  go  through  their  period  during  one  revolution  of  the 
moon  or  less.  In  determining  the  errors  of  the  first  class  from  observation,  those  of 
tin  1  second  class  may  be  regarded  as  accidental  errors,  the  effect  of  which  will  lie  elim¬ 
inated  from  the  mean  of  a  large  number  of  observations.  Since,  in  a  series  of  observa¬ 
tions  extending  through  a  number  of  years,  the  maxima  and  minima  of  each  term  of 
short  period  will  fall  indiscriminately  into  all  parts  of  all  the  other  periods,  each  periodic 
correction  may  be  determined  as  if  the  effects  of  the  others  were  purely  accidental 
errors.  At  the  same  time,  as  the  elimination  of  each  periodic  error  from  the  maxima 
ami  minima  of  all  flic  others  cannot  be  complete  in  any  finite  time,  it  is  desirable  that 
each  periodic  correction  of  sensible  magnitude  which  we  can  determine  beforehand  shall 
be  applied  to  the  residuals  before  flic  latter  arc  used  <0  determine  the  corrections  to  the 
elements. 

The  corrections  of  the  elements  of  longitude  have  been  made  to  depend  principally 
upon  the  observed  right  ascensions,  instead  of  reducing  Ihe  observed  errors  of  right 
ascension  and  polar  distance  to  errors  of  longitude  and  latitude.  The  reason  for  this 
course  is,  that  the  apparent  errors  of  polar  distance,  utter  correcting  them  approximately 
tor  errors  of  the  elements  easily  determined,  will  arise  principally  from  errors  of  obser¬ 
vation,  and  not  from  errors  of  1  lie  tables.  In  tact,  the  observat  ions  of  the  moon’s  d  eel  illa¬ 
tion  are  sometimes  affected  with  accidental  errors  of  a  magnitude  which  it  is  difficult  to 
account  for,  especially  in  the  case  of  Washington.  Granting  that  the  moon  moves  in  a 
plane  the  position  of  which  can  be  very  accurately  determined,  we  have  afterward  only 
to  determine  the  moon’s  position  in  that  plane,  and  this  can  be  done  from  an  observed 
right  ascension  almost  as  well  as  if  we  had  a  directly  observed  longitude.  The  longi¬ 
tude  thus  determined  will  be  less  likely  to  be  affected  with  systematic  errors  than  if  we 
suppose  the  position  entirely  unknown,  and  change  the  errors  of  right  ascension  and 
declination  to  errors  of  longitude  and  latitude,  without  regard  to  the  possible  constant 
errors  of  the  measured  declinations. 

Formula;  for  expressing  the  longitude  and  latitude  of  the  moon  in  terms  of  the 
lunar  elements  are  given  by  Hansen  in  a  posthumous  memoir.*  The  following  terms 
are  sufficient  for  our  present  purpose: 

Put 

/,  the  moon’s  longitude  in  orbit; 

(9,  the  longitude  of  the  ascending  node; 
i,  the  inclination  of  the  orbit  to  the  ecliptic; 
o',  <5,  the  moon’s  right  ascension  and  declination; 

<«>,  the  obliquity  of  the  ecliptic. 

•  Ueber  die  Darstellung  dor  gradeu  Aufsteigung  and  Abwoicbung  ties  Mondes  in  Function  der  Lunge  in  der  Baku 
und  der  Kuotonlange.  Aldiandlungen  der  Kbniglicb-Sik-bHisebea  GeselUcbaft  der  WitweuBcbaften,  Bd.  x,  No.  viii. 
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Wo  then  have,  approximately, 

a  — l —  2°. 5  sin  2  l —  i°.i  sin  {2  l  —  O')  -f-  i°.i  sin  0 
sin  S  —  sin  Gj  sin  l  +  cos  od  sin  i  sin  (/  —  0) 

—  0.40  sin  l  -f-  0.08  sin  (/ —  0 ) 

The  differential  co-efficients  derived  from  these  expressions  are, 


—  I  —  0.037  COS  (2  l  —  &)  —  0.087  COS  2  l 

—  0.0 1 8  cos  <9  -f-  o  o  1 8  cos  ( 2  l  —  <9) 

—  0.21  sin  0  —  0.21  sin  (2  l  —  0) 
di 

f  ^ 

cos  S  ~  —  °4°  cos  /  -f-  0.08  cos  (/  —  0) 


dS 


—  (0.40  +  0.08  cos  0)  cos  /  -|-  0.08  sin  0  sin  l 


cos  S  -  -  —  —  0.08 1  cos  (/  —  0) 

(L  (/ 

cos  S  —  0.92  sin  (/  —  0) 
di 


From  the  first  three  formulae,  it  will  be  seen,  that  the  mean  error  in  right  ascension 
is  very  nearly  the  same  as  the  mean  error  in  longitude;  the  periodic  corrections  being 
supposed  to  lie  eliminated  from  this  mean. 

The  investigation  of  the  corrections  from  observations  is  now  made  as  follows: 
All  the  apparent  errors  of  the  tables  derived  from  the  meridian  observations  at  Green¬ 
wich  and  Washington  since  1862  have  been  collected,  arranged  in  the  order  of  dates 
and  the  mean  taken  for  each  year;  observations  of  the  separate  limbs  being  kept  sepa¬ 
rate.  The  mean  error  in  right  ascension  for  each  year  is  as  follows: 


Apparent  errors  of  Hansen'1  s  tables  in  It.  A. 


Greenwich, 

Washington. 

Mean. 

Year. 

1. 

II. 

Diff. 

I. 

II. 

Diff. 

I. 

II. 

Mean. 

1862 

" 

" 

" 

It 

" 

" 

-  3-6 

—  0.6 

—  2.1 

1863 

-  2.3 

4-  0.5 

--  0.9 

1864 

—  x  .0 

4-  1.3 

4-  0.4 

1S65 

—  0.2 

+  3-0 

3-2 

+  0.3 

+  3-9 

3.6 

0.0 

+  3-4 

4-  1.7 

1866 

4-  1.2 

+  3-6 

2.4 

+  0.9 

+  4-5 

3-6 

4-  1.0 

4-  4-0 

+  2.5 

1867 

4-  2.4 

+  5-7 

3-3 

+  2.4 

+  5-8 

3-4 

4-  2.4 

4-  5-8 

4-  4.1 

1868 

+  2.6 

+  6.0 

3-4 

+  2.4 

4-  6.6 

4.2 

4-  2.5 

4-  6.3 

+  4-4 

1869 

+  3-3 

+  5-6 

2-3 

+  ? 

4-  7-4 

4.0 

+  3-4 

4-  6.5 

4-4-9 

1870 

+  3-4 

+  6.6 

3-2 

+  4-6 

+  7-2 

2.6 

4-  4-° 

4-  6.9 

+  5-4 

1871 

+  5-4 

+  8.2 

2.8 

+  5-i 

4-  7-8 

2.7 

-1-  5-2 

4-  8.0 

4-  6.6 

1872 

4-  6.0 

+  3-7 

2.7 

+  6.2 

4-  9- 6 

3-4 

4-  6.1 

4-  9.2 

4-  7-6 

1873 

+  6.9 

+  9-4 

2.5 

4-  6.9 

4-10.2 

3-3 

4-  6.9 

4-10.2 

4-  8.6 

1874 

+  8.1 

+  11. 4 

3.3 

+  7-i 

4-10.8 

3-7 

4-  7-6 

4-n.i 

+  9-4 

fhe  last  column  exhibits  the  apparent  tabular  errors  in  mean  right  ascension,  and 
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therefore  in  mean  longitude,  as  derived  each  year  from  all  the  observations.  The  sudden 
apparent  alteration  ot  nearly  one  second  per  annum  in  the  mean  motion  of  the  moon, 
exhibited  in  this  column,  seems  to  me  one  of  the  most  extraordinary  of  astronomical 
phenomena;  but,  as  I  have  discussed  it  iu  several  papers  during  the  last  five  years,  I 
shall  do  no  more  here  than  call  attention  to  its  continuance,  and  to  the  impossibility  of 
representing  it  by  any  small  number  of  periodic  terms  without  introducing  discordances 
into  the  longitude  during  previous  years. 

It  will  be  seen  that  there  are  discordances  between  the  results  of  the  two  observa¬ 
tories,  sometimes  amounting  to  more  than  a  second.  In  determining  the  corrections  of 
short  period,  it  is  desirable  to  reduce  the  systematic  errors  extending  through  each 
year  to  a  minimum;  the  question  whether  such  errors  are  in  the  theory  or  the  observa¬ 
tions  being  indiiferent.  It  is  also  desirable  that  in  taking  the  mean  of  the  results  of  the 
two  observatories,  they  should  be  made  comparable  with  each  other  by  correcting  either 
of  them  for  the  systematic  difference.  These  corrections,  of  course,  only  admit  of 
approximate  determination,  and  they  have  been  applied  each  year  to  that  observatory  or 
that  limb  of  the  moon  in  which,  judging  from  the  deviations  from  uniform  progression,  it 
was  judged  most  likely  that  the  discordance  existed.  The  following  are  the  corrections 
actually  applied  to  the  several  classes  of  tabular  errors: 


Year. 

Greenwich. 

Washington. 

I. 

I. 

II. 

i  S62-63 

s. 

+  0.06 

s. 

0.06 

s. 

0 

s. 

0.00 

1864 

o 

0 

0 

0 

1S65-6S 

0 

0 

0 

—  0.04 

1  8(h) 

0 

4-  O.06 

0 

—  0.04 

1870 

+,0.06 

O 

0 

—  0.04 

1871 

0 

O 

0 

0 

1872 

0 

O 

0 

—  0.04 

1373-74 

0 

O 

0 

0 

Having  applied  these  corrections  throughout  their  several  years,  the  Greenwich 
and  Washington  observations  were  considered  strictly  comparable;  and  when  the  moon 
was  observed  at  both  observatories  on  the  same  day,  the  mean  of  the  corrected  tabular 
errors  was  taken.  The  mean  outstanding  tabular  error  for  each  year  now  becomes  as 
lid  lows  : 


Year. 

itt 

Year.  'U 

tt 

Year. 

Year. 

fft 

I  862  —  2. 1 

1866 

-j-  2.2 

1  869 

+  5-i 

1872 

+  7-3 

1863 

—  0.9 

1867 

+  3-S 

1870 

+  5-6 

1^73 

+  8.6 

1864 

1865 

T"  °-4 
+  14 

1868 

+  41 

1871 

+  6.6 

1874 

+  9-7 

These  quantities,  with  the  sign  changed,  should  be  considered  as  corrections  to  the 
fundamental  argument,  and  we  have  to  determine  the  corresponding  correction  to  the 
right  ascensions  which  are  to  be  applied  to  the  individual  tabular  errors.  To  reduce 
them  to  corrections  ot’  true  longitude,  they  are  to  be  multiplied  by  the  factor 


I  T-  2  c  cos  g  —  I  -j-  O.  I  I  cos  g 


14 


The  corresponding  factor  for  correction  of  right  ascension  is,  with  sufficient 


imation, 


Sex  —  (i  -f-o.  ii  cos  g  —  0.04  cos  (2  /  —  0 )  —  0.09  cos  2  l)  <5  A 


approx- 


In  this  formula,  S A  represents  the  correction  to  the  mean  longitude,  while  we  may 
suppose  l  to  represent  indifferently  the  mean  or  the  true  longitude  ;  and,  during  a  period 
of  several  months  at  a  time,  we  may  represent  the  longitude  as  a  function  of  g.  The 
value  of  Sex  lias  been  reduced  to  a  table  of  double  entry  as  a  function  of  g  and  of  the 
time.  To  express  the  mean  longitude  as  a  function  of  g,  we  have 

l—  g+  * 

2  l  —  0  —  2  g  2  7T  —  0 
2  l  —  2  g  -\-  2  7T 


where 


\\j  the  substitution  ot  these  values,  the  expression  for  Sex  becomes 
Sex  —  ( 1  +  0.11  cos  g  -(-  A  cos  2  g  -|-  B  sin  2  g)  <5 A 


A  —  —  .04  COS  (2  7T  —  0)  —  .09  COS  2  7T 
B  —  .04  sill  (2  7T  —  0)  -|-  .09  sill  2  7T 


The  values  ol  tt ,  0 ,  A,  and  B  for  periods  of  six  months  are  as  follow  : 


Year. 

7 r 

0 

A 

B 

Year. 

TT 

6 

A 

B 

1862.0 

228 

274 

+ 

•05 

.09 

1869.0 

153 

139 

.01 

.06 

1S62.5 

248 

264 

4- 

.09 

+ 

.09 

1869.5 

173 

129 

- 

.07 

— 

.05 

1S63.0 

269 

255 

-1- 

.08 

- 

.04 

1870.0 

194 

1 19 

- 

.08 

.00 

1863.5 

289 

245 

+ 

•03 

- 

.08 

1870.5 

214 

1 10 

- 

.06 

+ 

.05 

1864 .0 

309 

235 

- 

.02 

- 

.07 

1871.0 

234 

100 

- 

.01 

+ 

.09 

1864.5 

330 

226 

- 

•05 

- 

.04 

1871.5 

255 

90 

+ 

.06 

+ 

.08 

1865.0 

350 

216 

- 

.06 

.00 

1872.0 

275 

81 

+ 

.  10 

4- 

.02 

1865.5 

310 

206 

- 

.05 

+ 

•  03 

1S72.5 

295 

7i 

+ 

.09 

- 

.06 

1866.0 

31 

197 

- 

,OI 

+ 

.08 

1873.0 

316 

6i 

+ 

.04 

- 

.  1 1 

1866.5 

51 

is? 

+ 

.02 

+ 

•  05 

1873-5 

336 

52 

- 

•05 

- 

.  1 1 

1867.0 

71 

177 

+ 

.05 

+ 

•  03 

1874.0 

356 

42 

— 

.  12 

- 

.04 

1S67.5 

92 

168 

+ 

•05 

.00 

1374-5 

17 

32 

- 

.  12 

+ 

.05 

1868.0 

112 

158 

+ 

.04 

- 

.02 

1875.0 

37 

23 

- 

.04 

4- 

.12 

186S.5 

133 

148 

+ 

.03 

— 

•  05 

The  coefficient  1  +  0.1 1  cos  g  -f  A  cos  2  g  +  B  sin  2  g  is  next  tabulated  for  each 
ot  these  sets  of  values  of  A  and  B  for  every  io°  of  g,  and  multiplied  by  the  corre¬ 
sponding  value  of  dA.  As  these  tables  are  superseded  by  those  given  at  the  close  of 
this  paper,  it  is  not  necessary  to  print  them. 

Jdie  corrections  of  short  period,  which  have  been  actually  applied,  are 

// 

+  0.96  sin  1) 

—  0.13  sin  (D  -f-  g') 

+  0.09  sin  g' 

—  0.62  sin  (2  g  —  4  g'  4-  2  go  —  4  Qj') 


The  first  three  have  been  combined  into  a  single  one  of  double  argument,  in  which 
the  arguments  are  P  and  the  month;  the  latter  corresponding  to  g'.  The  terms  depend¬ 
ent  on  this  argument  are  so  small  that  they  may  be  regarded  as  constant  during  an 
entire  month. 

In  this  same  table  is  included  a  partially  conjectural  correction  for  the  variations  of 
the  moon’s  semi-diameter.  The  correction  to  Hansen’s  value  has  been  assumed  as 
—  2  .o,  when  the  moon  is  in  the  neighborhood  of  the  sun,  so  that  her  limb  is  very  faint; 
and  as — o'". 4  after  the  close  of  evening  twilight.  Between  two  hours  of  elongation 
and  the  close  of  twilight,  it  is  assumed  to  increase  uniformly.  The  sum  of  these  four 
corrections  is  given  in  the  following  table: 


16 


13y  ihe  application  of  the  foregoing  corrections  to  the  errors  of  the  moon’s  tabular 
right  ascension,  these  errors  may  be  supposed  to  be  reduced  to  very  small  quantities, 
depending  on  the  errors  of  the  lunar  elements,  with  which  they  are  connected  by  the 
equation 


Sn  =  61  + 

ill 


da  „„  .  da  „ . 

SO  A - o/, 

dO  ^  di  ’ 


the  differential  coefficients  having  the  values  given  on  page  12. 
these  values,  the  expression  for  Sa  will  contain  the  terms 


When  we  substitute 


(+  .01 8  SO  —  .037  dor)  cos  (2  /  —  0) 

—  .087  do'  cos  2  l 
-f-  .018  SO  cos  0 
-(-  0.2 1  Si  sin  0 

—  0.2 1  Si  sin  (2  /  —  0) 


If  we  represent  the  sum  of  these  terms  by  P,  we  shall  have 

S/  —  Sa  —  P 

In  the  investigation  of'  the  corrections  to  the  moon’s  eccentricity  and  longitude  of 
perigee,  the  terms  of  P  maybe  entirely  neglected.  This  arises  from  the  circumstances 
that  the  appreciable  terms  of  l  or  or  arising  from  the  errors  of  these  elements  have  the 
same  period  with  g ,  the  mean  anomaly,  while  P  contains  no  appreciable  periodic  term 
depending  on  g.  The  outstanding  portion  of  dor  probably  averages  not  more  than  one 
second  or  two  at  the  utmost,  so  that  the  term  .037  do-  is  quite  insignificant.  The  term 
.018  SO  may  have  a  constant  value  of  o".2 5,  more  or  less;*  but  the  short  period  of  the 
t.qrm  2  l — 0,  and  its  incommensurability  with  the  period  of  g,  permit  of  this  error 
being  regarded  as  fortuitous.  The  same  remark  applies  to  the  terms  .087  dor  cos  2  l 
and  0.21  Si  sin  (2  / — 0 ).  The  only  remaining  terms  have  the  period  of  0,  which  is 
more  than  eighteen  years.  The  effect  of  these  possible  errors  is  therefore  eliminated 
in  the  mean  correction  for  each  year,  which  has  been  already  applied  to  the  errors. 

To  determine  the  correction  to  the  eccentricity  and  longitude  of  the  perigee  result¬ 
ing  from  each  year’s  observations,  the  residuals  in  right  ascension,  after  the  application 
of  the  three  corrections  already  described,  have  been  arranged  according  to  the  values 
of  the  mean  anomaly  to  which  they  correspond.  The  results  are  shown  in  the  follow¬ 
ing  table,  which  gives  for  certain  limits  of  mean  anomaly  in  the  first  column,  firstly,  the 
sum  of  the  residuals  (tabular  minus  observed)  in  right  ascension,  corresponding  to  all 
the  values  of  mean  anomaly  between  those  limits;  and,  secondly,  the  number  of  the 
residuals.  In  taking  these  sums,  the  observations  at  the  two  observatories  are  counted 
separately,  so  that  when  observations  were  made  at  both  observatories  on  the  same 
date,  the  sum  of  the  residuals  is  taken,  and  the  observations  count  2  in  the  column  N. 


*  It  is  afterward  found  that,  the  value  of  this  product  is  only  o".o8, 
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Sums  of  errors  of  moons  corrected  right  ascension ,  given  hy  observations  at  Greenwich  and 

Washington. 


Limitsof  mean 
anomaly. 

1862. 

1863. 

1864. 

1865. 

£  Jo 

N. 

£rfa 

N. 

£  4  a 

N. 

£  da 

N. 

O 

0 

99 

99 

„ 

o 

to 

10 

4- 

3-9 

4 

-t- 

21-5 

10 

+ 

19.6 

9 

+ 

1-4 

7 

IO 

to 

20 

4- 

3-6 

6 

4- 

12.3 

12 

+ 

6. 1 

7 

+ 

3-4 

4 

20 

to 

30 

- 

0.2 

5 

+ 

14.2 

8 

+ 

5.8 

5 

- 

0.3 

10 

30 

to 

40 

4- 

9-3 

8 

4- 

23-7 

n 

+ 

4-5 

7 

- 

0.5 

5 

40 

to 

50 

+ 

2-7 

8 

4- 

9.0 

8 

+ 

2.6 

3 

3.6 

6 

50 

to 

60 

4- 

0.3 

8 

-1- 

9.8 

9 

- 

1.6 

10 

- 

1. 1 

6 

6o 

to 

70 

4- 

8.9 

10 

- 

4-3 

7 

4 

0.7 

5 

- 

6. 1 

7 

70 

to 

80 

- 

3-7 

4 

4- 

7.0 

10 

- 

7.o 

6 

- 

6.7 

6 

8o 

to 

90 

4- 

6.7 

7 

- 

6.7 

6 

- 

n. 2 

9 

- 

6.1 

6 

90 

to 

100 

4- 

3.9 

6 

- 

3-3 

9 

- 

3-4 

6 

- 

8-5 

7 

lOO 

to 

no 

4- 

3-9 

n 

— 

0.4 

5 

- 

2.1 

5 

- 

0.7 

5 

1IO 

to 

120 

- 

6.4 

9 

- 

3-9 

8 

- 

3-0 

3 

- 

7-5 

8 

120 

to 

130 

- 

3-2 

8 

- 

3-9 

7 

+ 

0. 1 

5 

- 

5-5 

6 

130 

to 

140 

- 

7.8 

6 

— 

8.8 

8 

- 

12.2 

7 

+ 

5.0 

5 

I40 

to 

150 

— 

0.9 

5 

- 

15-9 

8 

4” 

0.9 

3 

+ 

1 . 1 

5 

ISO 

to 

160 

- 

0. 1 

5 

- 

18.2 

9 

- 

6.7 

7 

+ 

1-5 

4 

l6o 

to 

170 

- 

8.8 

4 

— 

19.7 

6 

+ 

2.5 

6 

+ 

4-3 

5 

170 

to 

180 

— 

5-7 

4 

- 

9.9 

7 

- 

5-3 

5 

+ 

6.4 

6 

180 

to 

190 

- 

17.4 

9 

— 

33-1 

M 

- 

8.6 

7 

4- 

8.9 

6 

I90 

to 

200 

- 

15-5 

7 

— 

4-3 

4 

- 

0.6 

4 

+ 

132 

8 

200 

to 

210 

- 

3-8 

10 

— 

1 .0 

6 

- 

6.4 

9 

+ 

7.8 

8 

210 

to 

220 

- 

0.2 

2 

— 

*•9 

9 

- 

2.9 

8 

4- 

13  1 

7 

220 

to 

230 

- 

28.9 

9 

— 

7 -.5 

10 

+ 

3-6 

7 

4- 

5-1 

5 

230 

to 

240 

- 

7-3 

7 

— 

1.9 

7 

+ 

0.8 

7 

+ 

10.3 

5 

24O 

to 

250 

4- 

13-0 

8 

4- 

0.4 

9 

+ 

1.6 

7 

4 

7-3 

8 

250 

to 

260 

- 

2.0 

4 

4- 

7.6 

8 

4“ 

H-5 

8 

4” 

7-3 

7 

260 

to 

270 

4- 

1.6 

9 

+ 

1.4 

5 

4“ 

n. 7 

7 

4- 

16.2 

12 

270 

to 

280 

+ 

3-7 

5 

4" 

1 1  -3 

9 

+ 

25-3 

1 1 

+ 

7.6 

" 

K) 

OO 

O 

to 

290 

+ 

4-7 

7 

*- 

0.8 

5 

+ 

18.2 

8 

+ 

9.6 

8 

290 

to 

300 

- 

1-3 

1 

4- 

15.9 

7- 

+ 

6.6 

4 

+ 

5-8 

n 

300 

to 

310 

4- 

3.0 

3 

4- 

23-5 

9 

+ 

7.8 

6 

+ 

10. 1 

7 

310 

to 

320 

4- 

2-3 

2 

4- 

22.6 

6 

+ 

6.4 

5 

+ 

16.4 

10 

320 

to 

330 

- 

2.8 

5 

4“ 

18.2 

9 

4- 

n. 6 

7 

+ 

14.5 

7 

330 

to 

340 

4- 

9-5 

6 

4- 

1.2 

7 

+ 

18.5 

10 

+ 

16.7 

1 1 

340 

to 

350 

4- 

n. 8 

8 

4- 

7.2 

7 

+ 

4-2 

7 

+ 

7.6 

7 

350 

to 

360 

4- 

13.6 

5 

4- 

14.4 

8 

+ 

16.5 

6 

+ 

5-3 

9 

4-106.4 

225 

+  222.0 

287 

+187.1 

236 

+205.9 

255 

— 

16.0 

144.7 

— 

71.0 

- 

46.6 

- 

9.6 

+ 

78.3 

+ n6. 1 

+  >59-3 

3m 
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8u?ns  of  errors  of  moons  corrected  right  ascension ,  See. — Continued. 


Limi 

sof  mean 
omaly. 

1866. 

1867. 

1868. 

1869. 

an 

2d  a 

N. 

2  <5  a 

N. 

2  (5  a 

N' 

2  da 

N. 

o 

to 

10 

_ 

1.7 

6 

+ 

7-4 

5 

4.2 

4 

10. 7 

4 

IO 

to 

20 

— 

2.5 

4 

- 

5-o 

2 

+ 

3-9 

7 

— 

4.2 

4 

20 

to 

30 

— 

7.5 

3 

- 

1-7 

4 

2.5 

3 

— 

0.8 

6 

30 

to 

40 

— 

7.1 

5 

- 

7-5 

3 

- 

9.4 

6 

+ 

4.2 

5 

40 

to 

50 

— 

14-5 

7 

+ 

5-5 

4 

- 

9.0 

5 

+ 

n  .0 

6 

50 

to 

60 

- 

0.7 

1 

- 

2.0 

4 

- 

0.7 

7 

+ 

5-5 

3 

60 

to 

70 

+ 

1-3 

5 

- 

8-5 

4 

+ 

2.2 

7 

+ 

3-1 

5 

70 

to 

80 

+ 

5-3 

6 

- 

4-8 

3 

+ 

4.1 

8 

+ 

7-7 

7 

80 

to 

90 

+ 

1.6 

6 

- 

3-6 

1 

+ 

12.2 

7 

+ 

8.0 

8 

90 

to 

100 

+ 

3-9 

4 

+ 

2.6 

5 

- 

0.3 

4 

+ 

16.8 

8 

100 

to 

IIO 

+ 

4-4 

9 

- 

0.6 

5 

+ 

14.9 

7 

+ 

5-1 

9 

no 

to 

120 

+ 

4-a 

8 

+ 

3-9 

5 

+ 

9.8 

6 

+ 

8-3 

6 

120 

to 

130 

— 

5-4 

8 

+ 

1.6 

7 

+ 

4.1 

5 

+ 

M.5 

7 

130 

to 

140 

+ 

3-4 

6 

+ 

4-1 

6 

+ 

10.2 

8 

+ 

7-5 

8 

140 

to 

150 

+ 

10. 1 

9 

+ 

1.9 

7 

+ 

5-2 

7 

+ 

3-1 

6 

150 

to 

160 

- 

4-1 

6 

- 

2.6 

7 

+ 

2. 1 

9 

+ 

20.3 

7 

160 

to 

170 

+ 

3-3 

7 

+ 

6.8 

5 

i-3 

8 

+ 

3-7 

3 

170 

to 

180 

- 

0. 1 

7 

- 

5-o 

8 

+ 

0.8 

7 

+ 

12.2 

7 

l8o 

to 

190 

4* 

0.8 

6 

- 

0-3 

2 

+ 

12.3 

8 

+ 

7.0 

5 

I90 

to 

200 

+ 

5-9 

6 

+ 

2.0 

4 

+ 

17.9 

6 

+ 

6-3 

4 

200 

to 

210 

- 

3-2 

6 

+ 

2.8 

6 

+ 

5-2 

5 

+ 

10. 1 

5 

210 

to 

220 

+ 

0.3 

6 

- 

1-7 

4 

+ 

13-0 

8 

+ 

12.2 

5 

220 

to 

2  30 

- 

5-4 

4 

+ 

12.9 

9 

+ 

4.8 

4 

+ 

12.3 

7 

230 

to 

240 

+ 

4. 1 

8 

+ 

8.2 

6 

+ 

15.2 

9 

— 

i-3 

3 

240 

to 

250 

- 

1.8 

7 

+ 

25-4 

9 

+ 

7-4 

8 

— 

6.4 

6 

250 

to 

260 

+ 

9.4 

7 

+ 

0.9 

3 

+ 

14.2 

8 

— 

3-6 

2 

260 

to 

270 

+ 

2-7 

7 

+ 

11  •  7 

6 

- 

5-0 

2 

— 

17.3 

7 

270 

to 

280 

+ 

9-7 

4 

+ 

3-3 

4 

+ 

1 .0 

7 

— 

18.8 

5 

O 

CO 

cs 

to 

290 

+ 

n  .6 

12 

+ 

7.0 

7 

~ 

9.1 

5 

- 

21.4 

6 

290 

to 

300 

+ 

4.0 

4 

+ 

0.7 

3 

- 

3-2 

8 

- 

13.6 

3 

05 

0 

0 

to 

310 

+ 

6  7 

4 

+ 

16.5 

7 

- 

8.0 

2 

— 

4-8 

2 

310 

to 

320 

+ 

3-4 

2 

+ 

2-3 

5 

- 

13.8 

8 

— 

0.8 

1 

320 

to 

330 

+ 

7-7 

5 

+ 

0. 2 

5 

- 

10.6 

9 

— 

4-2 

2 

330 

to 

340 

+ 

9.1 

5 

+ 

3-5 

6 

- 

1 1  •  7 

6 

— 

18.5 

6 

340 

to 

350 

+ 

10.8 

6 

- 

5-4 

7 

- 

9.8 

5 

— 

10.6 

4 

350 

to 

360 

+ 

9  2 

7 

- 

7.2 

4 

- 

18.3 

6 

- 

2.2 

5 

+132.9 

-  54.0 

213 

+  131-2 

-  55-9 

182 

4-161.8 

—115.6 

229 

+  178.9 

-139.2 

187 

+ 

78.9 

4- 

75-3 

+  46.2 

+ 

39-7 
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Sums  of  errors  of  moon's  corrected  right  ascension ,  c^r. — Concluded. 


Limits  of  mean 

1870 

1871. 

1872. 

1873. 

1874. 

anomaly. 

N. 

N. 

2Ma 

N. 

2 

rf  a 

N. 

V 

rf  a 

N. 

o  to 

10 

7-2 

5 

3-2 

5 

4- 

6.5 

6 

4.3 

6 

4- 

4-6 

4 

io  to 

20 

- 

2.2 

5 

4- 

1.7 

11 

4- 

8.5 

10 

-f- 

5.2 

4 

4- 

5-9 

5 

20  tO 

30 

4- 

5.1 

6 

- 

0.3 

7 

4- 

5-5 

8 

4- 

5.2 

8 

4- 

12.5 

6 

o 

o 

40 

+ 

IO.7 

8 

4- 

6.4 

7 

4- 

11. 8 

7 

4- 

3-4 

3 

4- 

5-1 

5 

40  to 

50 

4- 

II. 2 

8 

4- 

16.7 

9 

4- 

6.0 

4 

4- 

6.6 

4 

4- 

4-4 

5 

50  to 

60 

- 

7-1 

5 

9-7 

6 

4- 

13.2 

6 

4- 

4.1 

7 

4- 

2.  I 

5 

60  to 

70 

4- 

I  .O 

9 

4- 

18.9 

8 

4- 

10.4 

3 

4- 

13-4 

6 

4- 

10. 1 

4 

70  to 

80 

- 

2.6 

5 

4- 

10.2 

7 

-1- 

12.4 

8 

4- 

13-5 

3 

4- 

6.6 

6 

80  to 

90 

4- 

12.0 

12 

4- 

11. 7 

5 

4- 

”•3 

4 

4- 

15.8 

7 

4- 

6.0 

3 

90  to 

too 

4- 

10.  I 

8 

4- 

12.5 

3 

4- 

9.8 

4 

4- 

5-1 

2 

4- 

5-9 

7 

100  to 

1 10 

4- 

10.8 

4 

4- 

19.7 

8 

4- 

130 

6 

4- 

1-5 

3 

4- 

10.9 

6 

1 10  to 

120 

-1- 

5.8 

6 

4- 

8.2 

4 

-f- 

18.7 

6 

4- 

5-3 

2 

4- 

4.6 

4 

120  to 

130 

4- 

10. 1 

7 

4- 

9-7 

5 

4- 

18.3 

7 

4- 

6. 1 

5 

- 

4-7 

6 

0 

0 

cn 

140 

4- 

10. 1 

5 

4- 

<5-4 

5 

4- 

0.2 

2 

4- 

3-3 

3 

4- 

1.8 

3 

140  to 

150 

4- 

18.2 

8 

4- 

2. 1 

3 

4- 

2.9 

3 

4- 

8.4 

5 

- 

0.8 

7 

150  to 

160 

4- 

4.4 

3 

4- 

3-o 

7 

4- 

2.1 

8 

- 

3-9 

3 

4- 

t-3 

5 

160  to 

17° 

*+“ 

8.8 

5 

+ 

8.7 

4 

4- 

6.6 

5 

- 

5-4 

4 

- 

10. 1 

9 

170  to 

180 

4- 

6.9 

3 

4- 

6.2 

6 

- 

1.2 

3 

- 

i-7 

3 

- 

1 .0 

6 

180  to 

190 

4- 

1  8 

1 

4- 

3-9 

4 

4- 

1  -9 

4 

- 

2.2 

4 

4- 

5.0 

6 

190  to 

200 

4- 

7-5 

4 

4- 

3-5 

3 

- 

1 . 2 

5 

- 

6.6 

6 

- 

1 .0 

2 

200  to 

210 

4- 

2. 1 

5 

4- 

1 .0 

3 

- 

2.2 

6 

- 

0.9 

2 

4- 

3-7 

6 

210  to 

220 

- 

2.3 

2 

- 

2.6 

2 

4- 

1.2 

3 

- 

6.6 

3 

- 

5-0 

5 

220  tO 

230 

- 

2-5 

3 

- 

9-3 

7 

- 

7-2 

5 

- 

0. 1 

4 

- 

16.0 

7 

230  to 

240 

- 

0.4 

5 

- 

3-2 

6 

- 

4.8 

5 

3-5 

1 

- 

13-5 

4 

240  to 

250 

- 

9-7 

5 

- 

9.1 

8 

- 

6.5 

3 

7-5 

5 

- 

15  - 1 

8 

250  to 

260 

- 

12. 1 

6 

- 

5-2 

5 

- 

9.1 

4 

- 

7-1 

4 

- 

23.0 

5 

260  to 

vj 

O 

- 

2.3 

2 

- 

4.6 

5 

- 

13.8 

8 

- 

8.6 

3 

- 

22.6 

4 

270  to 

O 

CO 

w 

- 

12.9 

8 

- 

7  • 1 

7 

- 

8.4 

5 

- 

4-3 

4 

- 

15.6 

4 

280  to 

290 

- 

5.6 

3 

- 

2.7 

6 

- 

16.7 

9 

- 

10.8 

6 

- 

9.1 

3 

290  to 

300 

- 

5-5 

4 

4- 

4.0 

4 

- 

10.3 

8 

- 

9.8 

4 

- 

13-4 

8 

300  to 

310 

- 

4.0 

4 

- 

9-5 

6 

- 

9-5 

5 

- 

1.8 

I 

- 

9.1 

9 

310  to 

320 

— 

8.7 

3 

- 

6.6 

5 

- 

5-6 

4 

- 

3-2 

4 

- 

5-3 

6 

0 

0 

Cl 

330 

- 

13-5 

6 

- 

4.9 

7 

- 

8.5 

5 

- 

”•3 

7 

- 

1-4 

7 

0 

0 

340 

- 

9-7 

4 

- 

2.8 

7 

- 

8.5 

5 

- 

0.3 

8 

- 

4-3 

3 

4. 

0 

0 

350 

- 

3-6 

3 

- 

1-7 

4 

— 

5-t 

5 

— 

9.2 

6 

4- 

2.2 

11 

350  to 

360 

- 

8.7 

5 

4- 

6.3 

4 

4- 

0. 1 

6 

— 

4.0 

5 

4- 

2-5 

6 

4-136.6 

185 

4-179-5 

203 

4-160.4 

195 

4-  96.9 

155 

4- 

95-2 

200 

120.6 

- 

72.8 

— 

1 18.6 

— 

1 1 3  •  1 

- 

171 .0 

4- 

16.0 

4-106.7 

41.8 

- 

16.2 

- 

75-8 

Neglecting  all  terms  multiplied  hy  the  eccentricity  in  the  coefficients,  eaeli  resid¬ 
ual  gives  an  equation  of  the  form 

dl  -|-  2  sin  g  Jc  —  2  cos e  Jn  —  r 


20 


or,  putting 


the  equation  will  be 


h  —  2  4  8e  —  —  2  Se 
k  —  —  2  4e  S7r  —  2  e  Stt 

41  li  sin  g  -\-  k  cos  g  —  r, 


4e  and  4tt  being  the  errors  of  the  tabular  eccentricity  and  longitude  of  the  perigee, 

while  de  and  Sn:  represent  the  correspoi 

tiding  corrections. 

The  equations  are  now  solved  as  if 

all  the  residuals  within  each  pair  of  20°  limits 

corresponded  to  the  mean  of  the  limit 

, — that  is,  as 

if  all  between  o°  and  20°  corre- 

sponded  to  g  =  io°  ;  those  between  g  : 

=  .20°  and  g  — 

:  40°  to  g  —  30°  ;  and  so  on.  If, 

then,  we  put 

gi=  io°  ;  g2  =  300,  etc.; 

rf,  the  sum  ot  all  the  residuals  in  any  one  year  corresponding  to  g  —  g(; 

n{,  the  corresponding  number  of  observations; 

=  sin  gi ; 

c{  =  cos  gi : 

the  normal  equations  for  determining  SI,  h ,  and  k}  by  least  squares,  will  be: 

(2nx)  41  -(-  s. 

i)  k  Mi  C 

d  k  —  2  ?-i 

(2  n{  s^  41 4-  (2  n{  5, 

;2)  h  4-  {2  n{  s 

i  Ci)  k  =  2  s{  r{ 

(2  c{)  41  4-  (2  Si 

c{)  h  -f  (2  n{  c 

or 

h 

11 

I  he  formation  and  solution  of  these  equations 

for  each  year  give  the  following 

values  of  the  outstanding  errors  of  the 

lunar  elements 

:  for  each  year : 

1862,  h  — 

4-  0.04 

// 

k  —  4-  1.23 

1863, 

—  0.64 

+  178 

1864, 

—  1.07 

+  1-09 

1865, 

—  1-03 

—  0.15 

1866, 

—  0.47 

4-0.10 

1867, 

-o-93 

—  0.36 

1868, 

+  0.34 

—  1.46 

1869, 

+  1.67 

-  1.56 

1870, 

+  I-4^ 

—  1. 14 

00 

1— 1 

+  I-b5 

—  0.36 

1872, 

+  2.15 

—  0.1 2 

CO 

Oj 

+  1.91 

4-0.16 

^74, 

4-  1.92 

-f  0.60 

The  periodic  character  of  these  res 

iduals  is  very  ] 

remarkable,  indicating,  as  it  does, 

same  period  with  the  orbital  revolution;  or  one  of  the  eccentricity  and  longitude  of 
pei igee,  having  a  period  of  between  fifteen  and  twenty  years.  To  investigate  this  in¬ 
equality,  we  shall  assume  that  each  value  of  h  is  of  the  form 

h  —  a  sin  (yu  -f-  nt) 

and  each  value  ot  k  of  the  form 

k  -j-  a'  cos  (ju'  -f-  n't), 


2\ 


//,  k,  a}  a ,  /^,  //,  /q  and  n'  being  unknown  quantities  to  he  determined,  and  t  the  time 
in  years  from  any  assumed  epoch.  We  shall  take  for  the  epoch  the  middle  of  tire 
period  through  which  the  observations  extend;  that  is,  1868.5.  If,  then,  we  represent  the 
thirteen  values  of  h  and  k  in  chronological  order  by  /*_6,  A_5,  .  .  .  .  ,  h6,  A*_6,  A'_5,  .  .  .  .  , 

£fi.  the  equations  ot  condition  for  h  and  k  respectively  may  be  put  into  the  form 

—  h  —  a:  sin  yu  cos  in  —  a  cos  yu  sin  i  n 
hi  —  k  -f-  a'  cos  fi  cos  in  —  a  sin  yu  sin  i  n. 

Regarding  //,  k,  a  sin  //,  a.  cos  //,  a'  sin  //,  and  a  cos  yu  as  the  unknown  quantities, 
the  normal  equations  for  determining  these  quantities  are: 

(1)  From  the  values  of  h{. 

1 3  h  —  {2  cos  i  n)  a  s\n  /u  —  2  ht 

—  (2  cos  i  n )  h  -j-  (^:  cos2  i  n)  a  sin  yu  =  —  2  h f  cos  i  n 
(■ 2  sin2  i  n)  a  cos  fi  —  —  2  h{  sin  i  n 

(2)  From  the  values  of  k{. 

1 3  k  -(-  (2  cos  i  n )  a'  cos  //  —  2  k{ 

(2  cos  i  n)  k  -(-  ( 2  cos2  i  n)  a'  cos  yu'  —  2  k{  cos  i  n 

2  (sin2  i  n)  a  sin  /j.'  —  —  2  k{  sin  i  n 

It  will  be  observed  that  all  the  coefficients  having  as  a  factor  either  2  sin  i  n  or 

2  sin  in  cos  in  vanish. 

The  value  ot  n  apparently  is  not  readily  determined  directly  by  least  squares:  we 
shall  therefore  assume  several  values  of  this  quantity,  and  ascertain  by  which  value  the 
conditions  can  best  be  satisfied.  The  following  are  the  abbreviated  values  of  the  purely 
trigonometric  summations: 

»  v  •  sin  6h  n 

2  cos  1  n  —  — — - —  c 

sin  £  n 


v  a  .  13  sin  n  4-  sin  1 1  n 

2  cos4  m  —  — ^ - J— - —  c , 

2  sin2  in  — 


2  sin  n 


_  13  sin  n  —  sin  13  n .  _ 
2  sin  n 


It  we  solve  the  preceding  equations,  and  put,  for  brevity, 

C  — 


13  cx  —  c2 


C\  = 


C\  = 


13C1  —  r 

 1 3 


13C1  — c2 

the  resulting  expressions  for  the  unknown  quantities  are: 

h  —  Cx2  h{  —  C2  h{  cos  i  11 

a  sin  n  —  C2  hi  —  0^2  h{  cos  i  n 

a  cos  n  —  —  —  2  hi  sin  i  n 


k  —  Ox2  ki  —  C2  ki  cos  i  n 
(0  cos  t-i  —  —  02  ki  +  0.y2  ^  cos  i  n 

a!  sin  //'  —  —  —  2  k;  sin  i  n 

Si 


22 


The  period  of  A  and  h  lies  probably  between  fifteen  and  twenty  years,  which  would 
make  the  value  of  n,  or  the  annual  motion  of  the  inequality,  lie  between  i8°  and  240. 
The  following  are  the  values  of  the  various  quantities  depending  on  n  for  the  different 
values  of  n  between  these  limits  : 


tt 

log  <• 

log  0 

log  j, 

log  C 

log  C 

log  Cl 

18 

O.756 

0.715 

0.893 

9.213 

9.172 

9-571 

19 

0.705 

0.707 

0.898 

9.097 

9.099 

9-506 

20 

O.644 

0.705 

0.900 

8.977 

9-038 

9-447 

21 

0.577 

0.709 

0.897 

8.858 

8.990 

9-395 

22 

O.498 

0.718 

0.891 

8-734 

8-954 

9-350 

23 

O.406 

0.731 

0.882 

8.604 

8.929 

9.312 

24 

O.29I 

0.747 

0.870 

8-453 

8.909 

9.276 

25 

0.143 

0.765 

0.856 

8.275 

8.897 

9.246 

n 

2  A, 

sin  i  n 

cos  i  n 

2  ki 

sin  i n 

cos  i  n 

is 

+ 

1 1 

48 

+ 

1 . 96 

4.66 

4.66 

19 

+ 

1 1 

66 

+ 

1-52 

- 

4.68 

- 

5-04 

20 

+ 

1 1 

78 

+ 

1 .09 

- 

4.69 

- 

5-40 

21 

+ 

1 1 

CO 

LO 

+ 

0  68 

- 

4.68 

- 

5-73 

22 

+ 

1 1 

81 

+ 

0.29 

- 

4.66 

- 

6.04 

23 

+ 

1 1 

73 

- 

0.08 

- 

4.62 

- 

G-  33 

24 

4- 

1 1 

58 

- 

0-44 

- 

4-57 

- 

6.60 

25 

1 1 

37 

— 

0. 78 

— 

4-50 

— 

6.86 

The  preceding  equations  now  give  the  following  separate  values  of  the  unknown 
quantities,  corresponding  to  the  various  assumed  values  of  n : 


n 

h 

a 

/* 

k 

a' 

0 

„ 

„ 

0 

„ 

n 

0 

18 

0.72 

i-53 

164.0 

0-73 

I. 8l 

160.8 

19 

0.69 

i-53 

165.2 

0.61 

I. 71 

159-7 

20 

0.66 

i-53 

166.3 

o.49 

1.62 

158.5 

21 

0.63 

i-54 

167.2 

0.39 

i-53 

157-2 

22 

0.61 

i-55 

168. 1 

0.31 

1.47 

156.0 

23 

0.60 

i-57 

169.0 

0.23 

1.42 

154.8 

24 

0.58 

i-59 

169.8 

0.17 

1-39 

153-6 

25 

0.56 

1 .61 

170.4 

0. 11 

1.36 

152.6 

There  can  be  little  serious  doubt  that  in  the  case  of  the  present  inequality  the 
theoretical  values  of  ju  and  fi'  should  be  the  same;  and  it  is  also  probable  that  those  of 
a  and  a'  may  be  substantially  identical.  The  small  differences  between  the  values  of  a 
and  a'  and  of  fi  and  fi'  add  so  much  weight  to  this  probability  that  we  shall  make 


2/i 


another  solution  of  the  equations  on  the  supposition  that  a'  —  a  and  //  —  //.  The  nor¬ 
mal  equations  then  become : 

1 3  // —  cot  sin  fx  —  2 h{ 

—  c  h  1 3  a  sin  //  —  —  2 h{  cos  in  —  2 k{  sin  in  —  S{ 

1 3  k  -}-  cot  cos  ^  —  2  kt 

c  k  +  1 3  ol  cos  fx  —  2  k{  cos  i  n  —  2  hi  sin  i  n  —  S2 

The  solution  of  these  equations  is: 


h 

k 

ol  sin  n 
a  cos  fx 


_  1  o 


13”  —  c~  132 —  ci 


'X-,2k--  8, 

1 3  —c* 


1 32  —  c2 
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Si  + 


1 3 2  —  ?  1 3 2  —  c 

*3  s  c 

1 32  —  c8  2  1 32  —  c2 


2h 


A  comparison  of  the  separate  solutions  of  the  equations  in  h  and  k  shows  that  the 
value  of  n  which  best  satisfies  the  conditions  lies  between  22°  and  25°.  The  values 
of  k,  k ,  a,  and  fx  were  therefore  derived  only  from  the  last  equations  for  the  last  four 
values  of  n.  For  eacli  of  these  separate  values  of  n,  the  corresponding  values  of  h{  and 
ki  were  computed  from  the  formulae 


^  —  h  —  a  sin  (jx  -(-  i n) 
ki  —  k-\-a  cos  (/*  -(-  i  n) 

in  which,  it  will  be  remembered,  the  index  i  is  simply  the  number  of  the  year  from 
1868  ;  so  that  we  have, 

For  1862,  i  —  —  6 
For  1863,  i  —  —  5 
etc.,  etc. 

These  computed  values  of  /q-  and  k{  were  then  compared  with  the  values  derived 
directly  from  observations,  and  given  on  page  20,  and  the  sum  of  the  squares  of  the  out¬ 
standing  residuals  was  taken.  The  values  of  the  unknown  quantities,  together  with 
the  sum  of  the  squares  of  the  residuals,  are  as  follow  : 


n 

h 

k 

a 

V 

• 

22 

+ 

0.66 

+ 

,, 

0.34 

1.54 

0 

161.2 

3.207 

23 

+ 

0.63 

+ 

0.27 

152 

161.3 

3-170 

24 

+ 

0.61 

+ 

0.20 

1.51 

161 . 5 

3.246 

25 

+ 

0.58 

4- 

O’  14 

1.49 

161 .7 

3-441 

The  sum  of  the  squares  becomes  a  minimum  for  n  —  22  48,  showing  a  period  of 
the  inequality  of  1 5y.8,  with  a  possible  error  of  a  year  or  more.  The  formulte  for  /q  and 
^  thus  become : 


hi  —  -f-  o".6 4  —  1T52  sin  (161 0 .2  -j-  22°. 8  t) 
ki  —  -f-0^.28  +  1T52  cos  (i6i°.2  +  2 20. 8  i) 


from  which  we  have  the  following  comparison  of  the  computed  and  observed  values  of 
hi  and  /q : 


Year. 

ki 

c. 

O. 

O. 

-  C. 

C. 

O. 

O. 

-c. 

1S62 

+ 

O.OI 

-1- 

0.04 

+ 

0.03 

+ 

r. 67 

+ 

1.23 

0.44 

1863 

- 

0.48 

- 

0.64 

0. 16 

+ 

1.32 

+ 

1.78 

+ 

0.46 

1864 

- 

0.79 

- 

1.07 

- 

0.28 

+ 

0.80 

+ 

1.09 

+ 

0.29 

1865 

- 

0.88 

- 

1.03 

- 

0.15 

+ 

0.22 

- 

0.15 

- 

0.37 

1866 

- 

0.74 

- 

0.47 

+ 

0.27 

- 

0.38 

4- 

0. 10 

+ 

0.48 

1867 

- 

0.37 

- 

0-93 

- 

0.56 

- 

0.85 

- 

0.36 

+ 

0.49 

1868 

+ 

0. 14 

+ 

0-34 

+ 

0. 20 

- 

1 . 16 

- 

1 .46 

- 

0.30 

1S69 

+ 

0.74 

+ 

1.67 

+ 

0-93 

- 

1.23 

- 

1.56 

- 

0.33 

1870 

+ 

i-33 

+ 

1.48 

0.15 

- 

1.07 

- 

1. 14 

- 

0.07 

1871 

+ 

1.80 

+ 

1.65 

- 

0.15 

- 

0.  70 

- 

0.36 

+ 

0-34 

1872 

+ 

2.09 

+ 

2.15 

+ 

0.06 

- 

0.18 

- 

0. 12 

+ 

0.06 

1873 

+ 

2.15 

+ 

1. 91 

- 

0. 24 

+ 

0.42 

f- 

0. 16 

- 

0.26 

1874 

+ 

1.98 

+ 

1.92 

— 

0.06 

+ 

1 .00 

+ 

0.60 

— 

0.40 

The  probable  residual  for  each  year  is  o''. 2 7. 

We  have  supposed  the  hypothetical  inequality  of  longitude  to  be  of  the  form 

—  hi  sin  g  -{-  ki  cos  g. 

Substituting  in  this  the  periodic  part  of  h{  and  and  replacing  i  by  /,  which  now  repre- 
sents  the  time  in  years  from  1868.5,  it  becomes: 

Jv  —  U.52  sin  (g-  — J—  251  °.2  -f  220. 8  t) 

or 

Av—  1T52  sin  [g  +  22°.8  (  Y—  1857.5)] 

The  entirely  unexpected  character  of  the  periodic  term  thus  brought  to  light  ren¬ 
ders  its  verification  by  a  longer  series  of  observations  very  desirable.  For  this  purpose, 
we  need  comparisons  of  observations  previous  to  1862  with  Hansen’s  tables,  because 
none  of  the  older  tables  with  which  comparisons  have  been  made  are  accurate  enough 
for  the  purpose.  Now,  the  Greenwich  Observations  for  1859  contain,  as  an  appendix,  a 
comparison  of  the  longitudes  and  latitudes  from  Hansen’s  tables  with  Greenwich  observa¬ 
tions  from  1847  f°  1858  inclusive  ;  and  I  have  utilized  the  comparison  of  the  longitudes 
derived  from  meridian  observations  in  the  following  way  : 

A  list  of  limiting  dates  to  tenths  of  a  day  was  made  out,  including  the  whole  twelve 
years,  and  showing  between  what  dates  the  moon’s  mean  anomaly  was  found  in  each 
sextant.  The  sum  ol  the  errors  in  longitude  given  by  the  meridian  observations  was 
then  taken  during  the  period  that  the  anomaly  was  found  in  each  sextant.  None  of  the 
corrections  found  in  the  first  part  of  this  discussion  were  applied,  for  the  reason  that 
most  of  them  could  be  treated  as  accidental  errors,  and  the  means  could  be  taken  so  as 
nearly  to  eliminate  the  effects  of  the  larger  ones.  A  specimen  of  the  form  chosen  is 
here  given.  Under  each  of  the  several  values  of  g,  given  at  the  tops  of  the  several 


columns,  is  shown,  firstly,  the  date  at  which  g  had  that  particular  value;  and,  secondly, 
the  sum  of  the  residuals  in  longitude  during  the  period  of  4'\6  between  that  date  and 
t  he  one  next  following,  together  with  the  number  of  the  residuals,  the  latter  being  in 
small  subscript  figures. 


g 

=  04- 

£ 

60  4 

g 

-  120°  4- 

g 

II 

CO 

C 

+ 

g 

=  240"  4- 

g 

=  300°  4- 

18-17. 

Jan. 

1847. 

Jan. 

I847. 

1847. 

1847. 

1847. 

Ian. 

19.6— 

2 

9i 

24.2  — 

3 

>t 

1.24- 

1 

3* 

Jan. 

5.8 

Jan. 

10.4  4- 

2 

9i 

Jan. 

15 

0 

Feb. 

16. 1  — 

1 

Oi 

Feb. 

20.7  + 

0 

4i 

Jan. 

28.84- 

3 

I* 

Feb. 

2 . 4  T- 

3 

7i 

Feb. 

7.0  + 

5 

6, 

Feb. 

1 1 

6 

' 

Mar. 

15-7 

Mar. 

20.3- 

3 

Ol 

Feb. 

25-34- 

4- 

53 

M  a  r. 

1.94- 

3 

7i 

Mar. 

6.54- 

2 

3:> 

Mar. 

1 1 

1 

April 

12.3 

April 

16.9 

Mar. 

24  9  4- 

6 

U 

Mar. 

29.5- 

0 

4i 

April 

3- 1 

. 

April 

7 

7  + 

3 

2| 

May 

9.8 

May 

«4-4 

April 

21.54- 

3- 

2| 

April 

26.0+ 

2 

74 

April 

30-6 

May 

5 

2-4- 

1 

°l 

J  unc 

6.2  + 

2 

8, 

|  une 

10. 8 

May 

19.04- 

2 

8-4 

May 

23.6  4- 

3- 

93 

May 

28.2  — 

O 

3-'. 

June 

1 

84- 

4 

I| 

July 

3.8-1- 

4 

4* 

July 

8-4 

June 

*5-4  — 

I 

4i 

J  une 

20.0— 

0. 

6* 

June 

24.6— 

2 

ii 

June 

29 

24- 

1 

9i 

Au#. 

0.4- 

0 

3* 

Aug. 

5-0 

. 

July 

13.0 

. 

July 

17.6- 

1 

6, 

July 

22.24- 

2 

9-i 

July 

26 

84- 

6 

8a 

A  UR. 

28.04- 

5 

9" 

Sept. 

1.64- 

3 

8, 

A  UR. 

9.6 

A  UR. 

14.2 

A  UR. 

18.8- 

8 

43 

A  UR. 

23 

4  4- 

8 

l« 

Sept . 

24.64- 

12 

2a 

Sept. 

29.2 

. 

Sept. 

6.2 

Sept. 

10.8 

Sept. 

15-4  f 

3 

6, 

Sept. 

20 

04- 

1 

Oa 

Oct. 

22. 1  + 

12 

24 

Oct. 

26.74. 

8 

7i 

Oct. 

3-8 

Oct. 

8.4 

Oct. 

130 

Oct. 

17 

6- 

7 

3< 

Nov. 

19.7- 

1 

2| 

Nov. 

23.3-f 

9 

3:i 

Oct. 

3*34- 

I 

Oi 

Nov. 

4-9 

Nov. 

9-5 

. 

Nov. 

14 

( 

0 

Oi 

Dec. 

16. 1  — 

3 

4» 

Dec. 

20.7 

Nov. 

27.64- 

1 

4:. 

Dec. 

2.2 

• 

Dec. 

6.8 

Dec. 

1 1 

4- 

1 

63 

Dec. 

25.34- 

O. 

7> 

Dec. 

29.94- 

0. 

7i 

Dec. 

34-5 

Dec. 

39 

1  — 

2 

8, 

1848. 

1848. 

1848. 

1848. 

1848. 

1S4S. 

Jan. 

12.7- 

7 

3. 

Jan. 

173 

Jan. 

21.9 

Jan. 

26.5  4- 

0. 

2| 

Jan. 

31. 1 

Feb. 

4 

7 

. 

Feb. 

93- 

8 

Ii 

Feb. 

13.9- 

6 

2r, 

Feb. 

18.5- 

1 

42 

Feb. 

23.1- 

1 

4i 

Feb. 

27-7- 

0. 

8, 

Mar. 

3 

3 

. 

Mar. 

7-9- 

I 

8, 

Mar. 

*2-5  — 

4 

3i 

Mar. 

17.14- 

4- 

73 

Mar. 

21.7 

Mar. 

26.3 

Mar. 

30 

9 

A  pril 

4-5 

April 

9.1- 

4- 

I| 

April 

*3-7  — 

I 

53 

April 

18.3- 

1 

8, 

April 

22.94- 

2. 

9i 

April 

27 

5 

May 

2.0 

May 

6.6- 

7 

4» 

May 

11.24- 

1 . 

May 

15.84- 

1 

4a 

May 

20.44- 

9 

03 

May 

25 

0 

May 

29.6 

J  unc 

3-2- 

8. 

9a 

J  unc 

7-8- 

0. 

9i 

June 

12.4- 

0. 

24 

J  unc 

17.0 

• 

June 

21 

64- 

2 

ii 

|  une 

26.2 

J  unc 

30.8- 

2 

6, 

July 

5-4- 

0 

6, 

July 

10.0— 

4- 

8;j 

July 

14 .64- 10 

4< 

July 

19 

2  — 

0 

ii 

July 

23-7 

July 

28.3 

A  UR 

1.9- 

5- 

44 

A  UR. 

6.5- 

3- 

ii 

A  UR. 

1 1 .  t 

Aur. 

15 

7  +  17 

A* 

A  ur. 

20.34- 

I 

2| 

A  UR. 

24.9 

A  UR. 

29-5 

Sept. 

3-1- 

6. 

74 

Sept. 

7-7- 

5 

Is 

Sept. 

12 

3  +  15 

7  a 

Sept. 

16.94-22. 

5< 

Sept. 

215 

. 

Sept. 

26. 1 

Sept. 

30.7- 

1 

Oj 

Oct. 

5-3  + 

2 

Oa 

Oct. 

9 

84- 

8 

3i 

Oct. 

>4-4+ 

5- 

h 

Oct. 

19.0 

Oct. 

23.6 

Oct. 

28.2 

Nov. 

1.84- 

1 

9-’ 

Nov. 

6 

4- 

4 

9a 

Nov. 

1 1 .04- 

6. 

9* 

Nov. 

15.64-12. 

8:, 

Nov. 

20.2 

Nov. 

24.8 

Nov. 

29.4- 

9 

4s 

Dec. 

4 

0  — 

7 

2a 

Dec. 

8-5- 

6. 

51 

Dec. 

13-1  + 

5- 

Dec. 

17.7  + 

7- 

O4 

Dec. 

22.3 

Dec. 

26.9 

* 

Dec. 

31 

5- 

5 

7i 

If  \vc  follow  any  one  of  these  vertical  columns,  we  shall  find  that  the  dates  corre¬ 
spond  successively  to  all  points  of  the  lunation  in  a  period  of  412  days.  The  first 
observations  of  each  period  will  be  the  last  ones  of  the  lunation,  and  the  last  ones  those 
made  immediately  after  new  moon.  Between  each  pair  of  periods  will  be  a  gap,  gen¬ 
erally  of  three  or  four  months,  during  which  the  moon  was,  at  the  corresponding  points 
of  mean  anomaly,  too  near  the  sun  to  be  observed.  If  the  observations  are  equally 
scattered  through  each  period,  all  the  errors  arising  from  erroneous  semi-diameter  and 
parallactic  inequality  will  be  eliminated.  The  general  minuteness  ot  these  errors,  and 
their  approach  to  a  balance  during  each  of  the  periods  in  question,  are  such  as  to  render 
them  insignificant,  if  we  take  the  mean  results,  not  by  years,  but  by  periods.  This  is 
the  course  adopted;  the  partial  periods  at  the  beginning  and  end  of  the  entire  series  of 
observations  being  omitted.  The  first  period  actually  employed  was  that  corresponding 
4  M 
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to  the  sextant  240°-300°,  in  which  the  first  observation  was  made  on  January  10, 
1847,  and  the  last  on  September  18  of  the  same  year.  The  last  period  corresponded 
to  the  sextant  i8o°-240°,  the  last  observation  in  which  was  on  November  13,  1858. 
There  were,  in  all,  ten  periods  corresponding  to  each  sextant,  and  hence  ten  sets  of 
equations,  each  giving  mean  values  of  //,  k,  and  SI  for  periods  extending  through  a  little 
more  than  a  year.  Each  residual  gave  an  equation  of  condition,  for  the  coefficients  of 
which  the  mean  value  corresponding  to  the  entire  sextant  was  taken.  These  values  for 
the  several  sextants  areas  follow: 


i 

S 

sin^ 

cos^ 

sin2^ 

sin^cos^ 

CO  sV 

1 

0-60 

4-  0. 4S 

4-  0.83 

0.23 

4-  0.40 

0.69 

2 

60-120 

4-  0.9G 

0.00 

0.91 

0.00 

0.00 

3 

120-180 

4-  0.48 

-  0.83 

0.23 

—  0.40 

0.69 

4 

1 80  -  240 

—  0.48 

-  0.83 

0.23 

4-  0.40 

0.69 

5 

240  -  300 

—  0.96 

0.00 

0.91 

0.00 

0.00 

6 

300  -  360 

—  0.4S 

+  0.83 

0.23 

—  0.40 

0.69 

The  sums  ol  the  residual  errors,  corresponding  to  each  period  and  each  sextant 
arranged  in  chronological  order,  together  with  the  number  of  residuals  of  which  each 
sum  is  formed,  are  as  follow: 


Mean 

date. 

i  =  5 

i  =  6 

i  =  1 

7=2 

2  =  3 

7=4 

1847.8 

+  6.5 

4-  14-  4*i 

4-  1 5-425 

-  11-722 

+  9.0.51 

—  16.7,7 

1848.9 

4-  6.7 

4-  8  .7 

-  33-027 

—  I  .  925 

4-  23.2,8 

+  3 1  •  5 17 

1850. 1 

4-  1.5 

-  34-ln 

—  40.920 

—  9  •  1 2f. 

4-  22.255 

4-  33-926 

1851.2 

-  4-5s 

—  59-4i9 

-  50.719 

-  23.521 

—  4  •  851 

4-  20.6-5,; 

1852.4 

-  42.8.5 

-  50.052 

—  48.015 

-  21.5,8 

4-  35-0:0 

4-  25.423 

I353-5 

-  31-255 

—  IO6. 953 

—  63.651 

4-  I  •  2|7 

4-  6.O51 

—  38. 0.5;, 

1S54.6 

-  3°- 3n 

l 

O 

4* 

O' 

-  35-422 

+  4  •  2  28 

4-  i  •  7h 

-  24.4.50 

1855-8 

-  24.3U 

—  30-Oifi 

-  7-32n 

—  6-9i9 

—  22.8,8 

—  41 -Old 

1856.9 

-  3f)-2 

-  23.810 

4-  i5-4u 

+  4  •  256 

—  48-524 

-  77-0,7 

1858.1 

-  54  -  926 

—  48.925 

-  56.731 

—  47-6i9 

—  76.923 

—  46. 2,8 

The  dates  given  in  the  left-hand  column  arc  those  corresponding  to  the  mean  of 
each  horizontal  line. 

Putting  s{  for  the  mean  value  of  sin  g  corresponding  to  the  index  i,  as  already 
given;  c{  for  that  of  cos  g ;  and  v{  for  the  corresponding  number  of  observations,  the 
normal  equations  are: 

7^  Jl  +  (2  Vi  h  -f  {2  rii  Ci)  k  —  2 r{ 

{2  m  Si)  M  +  (2  v.i  s?)  h  +  {2  Vi  Si  Ci)  k  -  2  Si 
(2  n-i  r{)  z It  -f  (2  Vi  st  h  -f  {2  n{  cf)  k  —2  c{  i\ 

I  he  values  of  li  and  k  thus  given  by  the  normal  equations  formed  from  the  system 
of  lcsiduals  shown  in  each  horizontal  line  are  shown  in  the  next  table,  which  also  shows 
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(Ik;  way  in  which  they  are  treated.  For  (Ik;  sake  of  completeness,  the  corresponding 
quantities  already  found  for  the  period  1862-74  a|e  added,  and  included  in  the  discus¬ 
sion,  which  now  proceeds  as  follows;  the  method  adopted  being  one  which,  though  less 
rigorous  than  the  former  one,  will  show  in  a  stronger  light  the  evidence  on  which  the 
new  inequality  depends. 

As  the  basis  of  the  discussion,  we  lake  tin;  independent  values  of  h  and  k,  derived 
from  each  series  of  observations,  which  values  are  given  in  tin*  second  and  third  columns 
of  the  table.  A  preliminary  comparison  of  the  first  series  of  values  (1847-58)  with 
the  values  of  h  and  k  derived  from  the  formula;  already  given  indicates  a  diminution  of 
the  constant  terms  of  those  quantities,  so  that,  instead  of  -(-o''. 64  and  -f-  o''. 28,  they 
become,  as  a  first  approximation, 

//0  =  -J-  o"-50 
A-0  —  -j-  o".io 

These  constants  are  now  subtracted  from  the  values  of  //  and  k,  leaving  a  series  of 
residuals  given  in  the  fourth  and  fifth  columns,  which,  if  the  periodic  term  under  in¬ 
vestigation  has  no  existence,  should  be  regarded  as  due  <0  errors  of  observation,  and,  in 
the  contrary  case,  should  be  representable  by  the  formula* 

h'  —  —  a  sin  (yu  -f-  nt)  -|-  accidental  errors 
k'  —  a  cos  (//  -f-  nt)  -f-  accidental  errors 

To  show  clearly  how  far  they  are  thus  represented,  we  determine  a  coefficient, 
and  an  angle,  TV,  by  the  equations 

a  sin  N  —  —  !i 
a  cos  TV  —  k' 

The  next  two  columns  give  the  several  values  of  a  and  TV  thus  obtained.  The 
nearly  regular  progression  of  the  angle  TV  is  too  striking  to  be  overlooked.  To  see  how 
nearly  this  angle  can  be  represented  as  one  increasing  uniformly  with  the  time,  we  solve 
tin;  necessary  equations  of  condition  by  least  squares.  It  is  obvious  that  the  greater  the 
value  of  oc  the  more  certain  will  be  the  value  of  N:  we  therefore  give  weights  propor¬ 
tional  to  or.  Moreover,  weights  nearly  twice  as  great  in  proportion  are  given  to  the 
second  series  (1862— 74)  as  containing  the  results  from  two  observatories,  and  being 
more  carefully  corrected.  The  values  of  //  and  n  thus  obtained  by  the  method  of  least 
squares  are: 

>=  i64°.6±40.4 

n  —  20  .8  d:  o  .47 

'The  probable  error  of  a  value  of  TV  of  weight  unity  comes  out 

±33° 

'The  residuals  still  outstanding  are  shown  in  the  column  JJY.  This  value  of  //  is 
2°  less  than  that  found  from  the  second  series  of  observations  alone,  and  an  examination 
of  the  residuals  shows  that  there  is  a  real  discordance  between  the  values  of  the  angular 
motion  of  TV  given  by  the  two  series.  It  is  quite  likely  that  the  relative  weights  assigned 
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to  the  older  series  of  observations  are  twice  as  great  as  they  should  be,  and  that  the 
most  probable  value  of  the  angle  TV  lies  nearly  halt-way  between  the  two  values 

i6i°.2  -f  22°. 8  ( t  —  1868.5) 

and 

164°. 6  -f-  200. 8  ( t  —  1868.5) 

found  from  the  last  series  alone,  and  from  the  two  combined.  1  judge  that  the  most 
probable  value  is 

N  —  163°. 2  -f  2 1°.6  ( t  —  1868.5), 

and  that  the  probable  error  of  the  annual  motion  is  more  than  half  a  degree,  but  less 
than  a  degree.  The  column  J' N  shows  the  residuals  given  by  this  value  of  N. 


Mean 

date. 

h 

k 

h' 

k' 

a 

N 

Wt. 

fi  +  nt 

A  N 

A' 

N 

1847. S 

0.08 

+ 

0-55 

0.58 

+ 

0.45 

0.74 

52 

1 

94 

+ 

42 

4- 

24 

1S48.9 

- 

0.55 

- 

1.38 

- 

I.05 

- 

1 .48 

1.82 

145 

3 

1 18 

- 

27 

- 

44 

1850. 1 

- 

0.20 

- 

1. 91 

- 

0.  70 

- 

2.01 

2.13 

161 

3 

Mi 

- 

20 

- 

36 

1851.2 

- 

0.32 

- 

x  .92 

- 

0.82 

- 

2.02 

2.18 

158 

3 

165 

+ 

7 

- 

8 

1852.4 

+ 

0.26 

~ 

2.45 

- 

0.24 

- 

2-55 

2.56 

175 

4 

189 

+ 

14 

0 

I853-5 

+ 

1 . 10 

- 

1.88 

4- 

0.60 

- 

I.98 

2.07 

197 

3 

212 

+ 

15 

4- 

2 

1854.6 

+ 

i-45 

- 

1.40 

4- 

0.95 

- 

1-50 

1-77 

212 

3 

236 

4- 

24 

4- 

12 

1855.8 

-1- 

0.77 

+ 

0.31 

4- 

0.27 

4- 

0.21 

o-34 

30S 

i 

260 

- 

48 

- 

60 

1856.9 

4- 

1.76 

4* 

1 .  S2 

4- 

1 . 26 

4- 

1-72 

2.13 

328 

3 

284 

- 

44 

- 

55 

1858. 1 

— 

0.17 

4- 

0.66 

— 

0.67 

4- 

O.56 

0.88 

50 

1 

307 

- 

103 

— 

12 

1S62. 5 

4- 

0.04 

4- 

1.23 

— 

0.  46 

4- 

i-i3 

1 .22 

22 

3 

40 

+ 

18 

4- 

12 

1863.5 

- 

0.64 

4- 

1.78 

- 

1. 14 

4- 

1.68 

2.03 

34 

5 

61 

4- 

27 

4- 

21 

1864.5 

- 

1.07 

-  4- 

1 .09 

- 

1-57 

4- 

0.99 

1.85 

53 

5 

81 

4- 

23 

4- 

19 

1 S65 . 5 

- 

1 .03 

- 

0.15 

- 

i-53 

- 

0.25 

i-55 

99 

4 

102 

4- 

3 

- 

1 

1866. 5 

- 

0.47 

4- 

0. 10 

- 

0.97 

0.00 

0.97 

90 

2 

123 

4- 

33 

4- 

30 

1867.5 

- 

o-93 

- 

0.36 

- 

i-43 

- 

0.46 

1.50 

108 

4 

144 

4- 

3^ 

4- 

34 

1 868 . 5 

4- 

o-34 

1 . 46 

- 

0.16 

- 

1.56 

i-57 

174 

4 

165 

- 

9 

- 

1 1 

1869.5 

4- 

1.67 

- 

1.56 

4- 

1. 17 

- 

1 . 66 

2.03 

215 

5 

185 

- 

30 

- 

30 

1870.5 

+ 

T  .48 

- 

1. 14 

4- 

0.98 

- 

1.24 

1.58 

218 

5 

206 

- 

12 

- 

12 

1871.5 

+ 

I.65 

- 

0.36 

4- 

1. 15 

- 

0.46 

1.24 

248 

3 

227 

- 

21 

- 

20 

1872.5 

+ 

2-  15 

- 

0.12 

4- 

1.65 

- 

0.22 

1 .66 

262 

4 

248 

- 

14 

- 

12 

1873-5 

+ 

I  91 

4- 

0. 16 

4- 

1. 41 

4- 

0.06 

1. 41 

272 

4 

269 

- 

3 

- 

1 

I874-5 

+ 

I  .92 

4- 

0.60 

+ 

1.42 

4- 

0.50 

1.50 

289 

4 

2S9 

0 

4- 

4 

The  old  and  new  series  of  observations  agree  well  in  giving  for  the  value  of  the 
coefficient  of  this  term, 

The  old  series,  a  —  i".66 
The  new  series,  a  —  1T55 


The  ellect  of  the  accidental  errors  will  be,  on  the  whole,  to  increase  the  value  of 
the  coefficient.  1  consider  therefore  that  the  value 

«  z=  1T50 


may  I m •  adopted  as  the  most  probable  which  can  be  derived  from  all  the  observations. 

If  we  subtract,  from  each  value  of  It  and  k  in  the  preceding  table,  the  periodic 
portions 

It1  —  —  i  '.50  sin  [163°. 2  -}-  2ic. 6  ( t —  1868.5)] 
k'  —  i".5o  cos  [163°. 2  -}-  2  1  °.6  ( t  —  1868.5)] 

and  take  the  mean  value  of  the  outstanding  remainder  for  each  series  of  observations 
we  find  it  to  be  as  follows: 

Old  series,  //„  =  -f  o".33  ;  k0  =  —  o''.  17 
New  series,  //0  =  +  o".6 5  ;  k0  —  -f-  o''. 36 

The  differences,  o".oi  and  o  '. 08,  between  these  last  values  and  those  found  on  page 
23  arise  from  the  different  value  of  the  periodic  term.  I  consider  that  the  results  of  the 
second  series  are  entitled  to  three  times  the  weight  of  those  of  the  first,  and  shall  there¬ 
fore  put  for  the  definitive  values  of  h  and  k, 

h  =  +  o”.57  +  h' 
k  —  - h  o" .25  -{-  k 

fhe  corresponding  corrections  to  the  eccentricity  and  longitude  of  perigee  are: 

Se  —  —  o".2Cf 

C  6  IT  —  -j-  o".  I  2 
6  IT  —  -|-  2" .2 

The  corrections  to  the  moon’s  longitude  are: 

61  —  —  h  sin  g  —  k  cos  g 

=  —  o".57  sin  g  —  o''. 23  cos g  -f-  i"-50  sin  (g  -j-  N—  90°). 

The  last  term  is  the  hitherto-unsuspected  inequality  indicated  by  observations,  but  not 
yet  known  to  be  given  by  theory.  It  may  be  either  an  inequality  of  the  eccentricity  and 
perigee  having  a  period  of  about  16$  years,  or  one  of  the  moon’s  mean  longitude  having 
a  period  of 

2  7,1.4304  zb  od.oo40 

Substituting  first  for  A,  and  then  for  g,  their  values  in  terms  of  the  time,  the  expres¬ 
sion  for  the  inequality  of  longitude  becomes 

1  ".50  sin  [g  +73  .2  +  2 1  .6  (/  —  1868.5)]  —  1". 50 sin  (s6°.8  -f  I3°.i24i3  r), 

t  being  the  time  in  days  counted  from  Greenwich  mean  noon  of  1850,  Jan.  o. 

It  would  perhaps  be  premature  to  introduce  so  purely  empirical  a  term  as  this 
into  lunar  tables  for  permanent  use;  but  where,  as  at  present,  it  is  requisite  to  obtain  the 
corrections  to  the  tables  during  a  limited  period  with  all  possible  accuracy,  the  evidence 
in  favor  of  the  reality  of. the  term  seems  strong  enough  to  justify  its  introduction.  The 
only  apparent  cause  <0  which  the  term  can  be  attributed  is  the  attraction  of  some  one 
of  the  planets. 

In  the  investigation  of  corrections  to  the  longitude,  it  only  remains  to  determine 
the  slowly-varying  corrections  to  the  mean  longitude,  or  to  n  62,  given  by  the  observa¬ 
tions.  To  determine  the  errors  of  short  period,  we  have  applied  several  corrections  <0 
the  residuals,  not  as  real,  but  only  to  render  the  various  observations  comparable.  We 


30 


have  now  to  consider  the  pure  results  of  observations  as  (hey  would  have  been  had  these 
corrections  not  been  applied.  These  for  the  second  series  of  observations  are  found 
by  taking  the  sum  of  (i)  the  mean  of  the  small  corrections,  applied  on  account  of 
observatory  and  limb,  to  compensate  for  the  systematic  differences  between  results  from 
different  limbs  or  different  observatories;  (2)  general  corrections  to  make  the  residuals 
in  the  mean  very  small ;  (3)  remaining  outstanding  correction  found  by  solving  the 
equations  of  condition. 

The  corrections  from  both  series  are  as  follow:  the  corrections  since  1862  may 
be  very  closely  represented  by  a  term  increasing  uniformly  with  the  time,  as  is  shown 
by  the  last  two  columns. 

First  series. 


Date. 

n  'fz 

Date. 

n  6z 

1847.8 

-  0.15 

I853-5 

+  i-77 

1848.9 

-  0.43 

1854.6 

4-  1.40 

1850.1 

4-  0.32 

1855-8 

+  1.24 

1851.2 

4-  1.13 

1856.9 

+  1.50 

1852.4 

+  0.93 

CO 

cn 

CO 

4-  2.40 

Second  series. 


Year. 

(1) 

(2) 

(3) 

11  <h 

a  4-  b  t 

A 

1862.5 

+  0.45 

+  2.10 

-t  0.04 

+  2.59 

+  1.52 

4-  I.07 

1863.5 

+  0.45 

4-  1.20 

—  0.27 

1-  1.38 

4-  0.60 

4-  0.78 

1864.5 

0.00 

0.00 

—  0.49 

—  O.49 

-  0.32 

-  0.17 

1S65.5 

-  0.15 

-  1. 15 

—  0.62 

—  I.92 

-  1.24 

-  0.68 

1866.5 

-  0.15 

—  2.00 

-  0.75 

—  2.90 

—  2.16 

-  0.74 

1867.5 

-  0.15 

-  3-40 

—  0.41 

-  3-9<> 

-  3  -°S 

-  0.88 

1S68. 5 

-  0.15 

-  4-05 

—  0.20 

-  4-40 

—  4.00 

—  0.40 

1869.5 

4-  0.08 

-  4.85 

—  0.21 

-  4-98 

-  4.92 

—  0.06 

1870.5 

4-  0.08 

-  5-50 

—  0.09 

-  5-51 

-  5-84 

4-  0.33 

1871.5 

0.00 

-  &-35 

—  0.52 

-  6.87 

-  6.76 

—  0. 1 1 

1872.5 

-  0.15 

-  7-25 

—  0.22 

—  7.62 

-  7.68 

4-  0.06 

i873-5 

0.00 

-  8.30 

+  0. 10 

—  8.20 

-  8.60 

4-  0.40 

1874.5 

0.00 

-  9-45 

4-  0.38 

-  9-07 

-  9.52 

+  0.45 
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§2. 

I NVKSTI CATION  OF  THE  POLAR  DISTANCE  AND  LATITUDE. 


It  is  ;i  singular  circumstance  that  during  the  last  six  years,  at  least,  the  observa¬ 
tions  of  the  moon’s  polar  distance  are  much  less  accurate  than  those  of  its  right  ascen¬ 
sion.  Whether  this  is  to  be  attributed  to  the  instruments,  or  whether  it  is  a  result  of 
great  irregularities  in  the  outline  of  the  lunar  globe  in  the  polar  regions,  cannot  at  pres¬ 
ent  be  decided.  To  whatever  cause  we  attribute  the  errors,  their  existence  renders  a 
rigorous  treatment  of  the  individual  observations  of  little  value.  We  shall  therefore, 
from  the  whole  of  the  errors  in  declination,  seek  to  obtain  the  best  corrections  to  the 
inclination  and  node  of  the  moon’s  orbit. 

From  the  derivatives  of  the  moon’s  declination  relatively  to  its  true  longitude,  the 
inclination,  and  the  node,  which  have  already  been  given,  we  obtain: 

dS  =  l£Sl+feM  +  t6t 

SI  being  known  from  the  data  already  given,  the  equations  of  condition  will  be 
thrown  into  the  form 

~  i  SO  +  ~  Si  —SS  —  ~  SI 
i  dO  di  dl 


From  the  numerical  expressions  already  given,  we  have 
/  ^ 

-  SI  —  sec  S  [(0.40  -f-  0.08  cos  0)  cos  l  -f  0.08  sin  0  sin  /]  <5/ 
If  we  put 

<SA  zztlie  correction  to  the  moon’s  mean  longitude, 

K  =0.40-1-  0.08  cos  0, 

If  —  0.08  sin  <9, 

we  have  the  quantities  of  the  first  order,  with  respect  to  the  eccentricities, 

(  '  —  [K  cos  /  -f-  II si n  /]  [  1  -f-  2  e  cos  (A  —  7r)  ]  sec  S 
(l  A 


The  largest  terms  in  sec  <5  are 

1.040  -f-  .016  cos  0  —  .040  cos  2  A  —  .016  cos  (2  A  —  /9), 
while,  if  we  replace  l  by  the  mean  longitude,  A,  we  shall  have: 


/  —  A  -f  2  c  sin  (A  —  7r) 
sin  l  =  sin  A  -|-  c  sin  (2  A  —  n)  —  e  sin  7r 
cos  /  =  cos  A  -j-  e  cos  (2  A  —  n )  —  e  cos  7r 


(/ S 

If  we  substitute  these  various  quantities  in  the  expression  for-- d/,  we  shall  find 


32 


ho  sensible  terms  depending  on  the  sine  or  cosine  of  the  argument  of  latitude,  A  —  0.  If 

7  fr  7  I 

we  substitute  for  SI  its  value  in  <5  A,  we  shall  find  the  principal  terms  in  cos  S  to 

■  (U  d\ 


he 


K cos  A  -|-  //sin  A  -f-  3  e.  K  cos  (2  A  —  7r)  -{-  3  c  II sin  (2  A  —  7r) 


In  consequence  of  the  great  number  of  revolutions  of  the  moon  through  which  tin; 
observations  now  under  discussion  extend,  I  have  considered  that  all  except  the  first  two 
terms  might  be  treated  as  accidental  errors,  which  would  cancel  each  other  during  the 
course  of  the  observations.  Using  for  S A  the  mean  corrections  to  the  moon’s  longitude, 
we  have  the  following  values  of  the  correction  to  the  declination  for  those  errors  of 
longitude : 


Year. 

// 

Correction. 

// 

I  862, 

+  0.9 

COS  l  —  0.2 

1863, 

-f  0.6 

—  O.  I 

1864, 

—  0. 1 

0.0 

1  865, 

—  0.6 

4-0.1 

1866, 

-0.8 

0.0 

1867, 

—  0. 1 

—  0. 1 

1868, 

—  i-4 

—  0.2 

I  869, 

—  1.8 

-03 

1870, 

—  2.2 

—  0.4 

00 

—  2.8 

—  0.6 

1872, 

_  n  n 

3*0 

—  0.6 

1873, 

-3-8 

—  o-5 

1874, 

-4.2 

—  0.4 

The  mean  correction  to  the  moon’s  tabular  north-polar  distance  for  each  year,  from 
observations  of  each  limb  at  each  observatory,  was  taken  with  a  view  of  detecting  any 
constant  error  of  sufficient  magnitude  to  affect  the  final  results  for  errors  of  the  node 
and  inclination.  These  means  should  have  been  taken  after  the  application  of  the  cor¬ 
rections  just  found:  actually,  however,  they  are  the  mean  corrections  given  by  the 
observations,  after  applying  the  following  constant  corrections  to  reduce  the  declinations 
to  the  same  fundamental  standard: 


To  Greenwich  observations  of  N.  P.  D.  To  Washington  observations  of  N.  P.  P. 

^  //  // 

1862-67,  — 0.4  1862-65,  -f- O.5 

1868-74,  -f-O.2  1866-67,  —  1. 1 

1868,  —  I  2 

1869,  — 0.6 

1870-72,  —0.4 
KS73-74,  0.0 

These  corrections  are  approximately  those  necessary  to  reduce  the  star-observa¬ 
tions  of  the  several  years  to  Auwers’s  standard  of  declination.  The  change  in  the  Green¬ 
wich  correction  between  1867  and  1868  probably  arises  from  the  introduction  of  a  new 


constant  of  refraction  in  1868,  while  the  change  in  the  Washington  correction  in  1866 
corresponds  to  the  introduction  of  the  large  transit  circle  in  place  of  the  old  mural  circle. 


Correction  to  N. 

P.  D.  given  by — 

Year. 

Greenwich. 

Washington. 

N.  L. 

S.  L. 

N.  L. 

S.  L. 

tt 

It 

It 

ft 

1862 

—  0. 1 

—  0.8 

-  0.3 

-  0.8 

1863 

+  0.2 

-  0.9 

-  0.5 

—  1. 1 

1864 

+  0.4 

—  0.6 

+  0.8 

-  0.9 

1865 

+  0.5 

—  0.2 

+  1.2 

—  0.2 

1866 

-  0.7 

-  0.3 

+  1.4 

—  0.6 

1867 

-  0.4 

—  0.6 

+  O.I 

—  1 . 1 

1868 

-  0.7 

—  1 .0 

+  0.2 

-h  0.2 

1869 

—  O.I 

—  0.6 

—  0.8 

-  1-7 

1870 

—  0.6 

—  O.I 

—  O.I 

-  1.8 

1871 

—  0.2 

-  0.8 

+  2.1 

-  1.8 

1872 

0.0 

0.0 

-  0.7 

—  0.8 

>873 

-  0.9 

-f  O.I 

+  2.0 

—  O.I 

1874 

•  • 

•  • 

-  1.7 

-  0.5. 

The  large  residuals  of  the  Washington  observations  of  the  south  limb  led  to  the 
application  of  the  farther  systematic  correction  of  -(-  T'.o  to  all  those  observations  before 
combining  them  all.  The  corrections  arising  from  the  error  of  mean  longitude  were 
then  applied,  and  tin;  outstanding  residuals  were  considered  to  arise  from  accidental 
errors  and  from  errors  of  the  inclination  and  node.  The  equations  of  condition  thus 
become 

0.92  sec  <5  [sin  (/  —  9)  Si  —  cos  (/  —  9  )  i  d0]  —  dd 
or 

sin  (/  —  0 )  Si  —  cos  (/  —  9 )  i  SO  —  1.09  cos  S  X  SS 
Owing  to  the  smallness  of  the  final  residuals,  <Sd,  the  factor  1.09  cos  S  may  be  consid¬ 
ered  as  a  constant,  and,  in  the  actual  solution,  has  been  put  equal  to  unity.  Its  mean 
value  is  more  exactly  1.04,  and  its  effect  may  be  obtained  by  dividing  the  final  results 
by  this  factor. 

The  final  values  of  the  residuals  were  then  arranged  according  to  the  values  of 
A  —  9 ,  or  the  moon’s  mean  argument  of  latitude,  as  the  residuals  in  right  ascension  were 
arranged  according  to  the  mean  anomaly.  The  sum  of  the  residuals  corresponding  to 
each  interval  of  20°  in  the  argument,  with  the  corresponding  number  of  observations 
for  each  year,  is  shown  in  the  following  table : 
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Sums  of  errors  of  the  moon's  corrected  declination ,  given  by  observations  at  Greenwich 

and  Washington. 


1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

Limits  of  A. 

2  <5(5 

N. 

2  44 

N. 

2  44 

N. 

2  44 

N. 

2  44 

N. 

2Jrf 

N. 

2<5d 

N. 

o  o 

„ 

it 

n 

•t 

n 

n 

- 

O  to  20 

-  3-3 

8 

+  1-3 

3 

4-  4-0 

8 

+  5*4 

9 

4-26.7 

11 

~  2.5 

8 

4-  0.4 

9 

20  tO  40 

4-  9.6 

9 

4-  5*3 

7 

—  0.4 

9 

+  6.0 

7 

4-  2.6 

12 

~  2.3 

9 

—  6.1 

17 

-  40  to  60 

-  1.4 

9 

+  6.9 

10 

4-  6.5 

6 

+  9-7 

7 

4-  4-0 

9 

-  4-9 

10 

-  7-9 

15 

60  to  80 

0.0 

7 

+  16.4 

10 

4-  6.6 

8 

+  8.7 

12 

—  1 . 1 

16 

4-14-5 

11 

-.0.3 

5 

80  to  100 

4-  8.6 

11 

4-  0.4 

12 

+  11. 1 

6 

+  7-9 

11 

4-  5-5 

7 

4-  0.5 

10 

—  12.8 

12 

IOO  tO  120 

4-  3-2 

7 

4-  8.5 

15 

4-  3-2 

5 

+  7-4 

7 

—  1.0 

8 

—  6.1 

6 

4-  0.2 

6 

120  tO  I40 

-  9-2 

12 

4-  3-i 

8 

—  6.1 

8 

+  0.8 

11 

4-11.9 

14 

-12.4 

8 

-  6.8 

11 

140  to  160 

-  0-3 

4 

—  4.6 

9 

—  2.2 

5 

-  9-7 

15 

—  1.2 

10 

-  7-7 

12 

4-  6.2 

14 

160  to  180 

+  0.5 

9 

—  10.4 

6 

—  10.4 

12 

4-  0.5 

9 

4-  2.2 

10 

-  8.9 

9 

—  11 .2 

9 

180  tO  200 

-  8.6 

6 

-  5-7 

11 

—  0.6 

7 

-  5-3 

12 

-  7-7 

6 

-15.2 

14 

4-  3- 1 

10 

200  tO  220 

—  22.3 

8 

—  11 .6 

10 

4-  4-7 

12 

-  5-4 

9 

-  3-3 

10 

-  6.8 

14 

-11. 8 

11 

220  tO  24O 

—  14.4 

12 

—  10.2 

9 

-  8.8 

10 

—  1.0 

7 

—  2.0 

13 

-  5-9 

12 

— 10.0 

13 

240  to  260 

—  12.4 

7 

—  12.3 

9 

-  4-i 

8 

4-  4- 6 

11 

4-  1.2 

9 

—  0.6 

9 

-  9.2 

15 

260  to  280 

-  2.3 

4 

-  3-2 

4 

-  8.5 

8 

+  1  •  5 

9 

-  5-3 

9 

4-  1.0 

8 

4-  1.9 

9 

2S0  to  300 

—  2.2 

7 

-  4-3 

8 

-  8.4 

11 

-  4.0 

4 

-  3-5 

9 

-II. 4 

13 

0.0 

13 

300  to  320 

-  7-1 

10 

—  6.2 

10 

4-  9.6 

8 

+  3-i 

5 

—  0. 1 

13 

-  8.4 

10 

4-  0.4 

8 

320  to  340 

+  2.0 

7 

4-  3-4 

8 

4-  6.0 

12 

4-  8.6 

6 

4-  8.4 

11 

4-  2.1 

9 

-  6.7 

14 

340  to  360 

+  7-3 

5 

-  6.5 

5 

4-  4-9 

13 

4-n  .6 

8 

4-  7.0 

M 

4-  2.9 

3 

-  3-1 

12 

—84.0 

142 

-75-0 

154 

-49-5 

156 

—25.4 

159 

-25.2 

191 

-93.1 

175 

-85.9 

203 

+31-2 

+45-8 

+  56.6 

+  75-8 

4-69.5 

4-21.0 

4-12.2 

—  52.8 

—29.2 

+  7-1 

+  50.4 

4-44-3 

-72.1 

-73-7 

4 
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Sums  of  errors  of  the  moon  s  corrected  declination ,  dec. — Continued. 


Limits  of  A. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

2  rid 

N. 

2  rid 

N. 

2dd 

N. 

2  rid 

N. 

2  66 

N. 

2  dd 

N. 

o  to  20 

+ 

7» 

8 

+  3-7 

7 

-  3-8 

5 

—  8.0 

6 

n 

+  9° 

9 

+ 

7-7 

12 

20  to  40 

+ 

11. 2 

8 

+  6.6 

10 

—  0. 1 

4 

-  7.0 

6 

-  7-7 

10 

— 

7-5 

7 

40  to  60 

+ 

6.4 

7 

+  8.6 

10 

—  0.8 

11 

—  1.2 

10 

-  2.8 

4 

— 

17.0 

11 

60  to  80 

- 

5-0 

9 

+  3-5 

7 

+  13-2 

11 

-  5-1 

7 

-13-7 

7 

- 

25.4 

14 

80  to  100 

— 

2.0 

11 

-+-  6.2 

9 

+  I3-I 

9 

-  3-7 

8 

4-  4-8 

9 

- 

5-3 

6 

100  to  120 

- 

13-7 

7 

—  6.2 

12 

-  6.3 

9 

—  2.0 

8 

—  1.0 

9 

- 

22.4 

12 

120  to  140 

- 

it. 4 

9 

+  4-5 

7 

-  1-9 

8 

+  0.2 

14 

—  2.2 

4 

+ 

2. 1 

6 

Ho  to  1 60 

- 

15.4 

12 

-11. 7 

1 1 

-  4.6 

7 

-  8.9 

9 

+  7-4 

5 

- 

12.6 

1 1 

160  to  180 

- 

2.5 

11 

-  5-7 

*3 

-  5-1 

9 

—  4-6 

12 

-  3-9 

7 

- 

5-9 

10 

180  to  200 

- 

5-4 

9 

-  0.5 

6 

+  5-4 

11 

—  6.0 

3 

-  8.6 

7 

- 

7.2 

8 

200  to  220 

- 

5-4 

4 

—  10.2 

12 

—  6.2 

10 

-  2.9 

9 

+  5-2 

7 

- 

19-3 

12 

220  to  240 

- 

6.6 

6 

—  1. 1 

9 

+  9-i 

14 

-  4-5 

10 

-  2.7 

5 

- 

15-2 

6 

240  to  260 

- 

18.4 

12 

— 11 . 1 

8 

+  5-6 

8 

+  13-7 

13 

+ 14  •  8 

12 

— 

4.6 

6 

260  to  280 

- 

7-7 

7 

-15.4 

15 

—  6.2 

7 

+  2.2 

11 

+  20.7 

9 

— 

2-5 

6 

2S0  to  300 

- 

11. 4 

*3 

—  10. 1 

5 

+  3.6 

8 

+  3-8 

9 

+  3-3 

10 

- 

5-5 

13 

300  to  320 

+ 

5-3 

7 

-  9.1 

7 

+■  3-8 

8 

-  1.3 

11 

+  4-3 

8 

+ 

0.3 

10 

320  to  3  JO 

+ 

5-7 

5 

- 10.3 

12 

-  5-8 

9 

—  12.2 

12 

+  14.0 

7 

+ 

4.0 

10 

340  to  360 

0.0 

10 

—  1.2 

6 

-  6.3 

5 

+  0.3 

9 

+  7-2 

11 

- 

3-9 

9 

— 

04.9 

155 

—  92.6 

166 

-47-i 

153 

-67.4 

167 

—42.6 

140 

- 

154.3 

169 

+ 

35-7 

+  33-I 

+  53-8 

+  20.2 

+90.7 

+ 

14. 1 

— 

69.2 

-59-5 

•H  6.7 

-47-2 

+48.1 

- 

140.2 

The  general  irregularity  of  the  residuals  in  declination  is  such  that  no  great  advan¬ 
tage  would  result  in  a  separate  solution  of  the  equations  for  the  separate  years.  The 
sum  ol  the  residuals  for  each  20°  of  the  argument  was  therefore  taken  during  the  whole 
thirteen  years  of  observation,  with  the  following  result: 


A-0 

.  2  A  d 

N. 

1  <15 

1 

* 

2  Ad 

N. 

0  e 

0  to  20 

n 

+  47-2 

103 

O  O 

180  to  200 

n 

—  .62.3 

110 

20  tO  40 

+  10.7 

"5 

200  to  220 

-  95.3 

128 

40  to  60 

+  6.1 

119 

220  to  240 

-  73.3 

126 

60  to  80 

+  12.3 

124 

240  to  260 

—  32.8 

127 

So  to  100 

+  34-3 

121 

260  to  280 

—  23.8 

106 

IOO  to  120 

—  36.2 

hi 

2  So  to  300 

-  50.1 

123 

120  tO  I40 

-  27.4 

120 

300  to  320 

-  5-4 

115 

140  to  160 

-  65.3 

124 

320  to  340 

+  19.2 

122 

160  to  180 

-  65.4 

126 

340  to  360 

+  20.2 

no 
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Leaving  in  the  equations  a  constant  term  dp,  representing  the  mean  constant  error 
still  outstanding  in  the  measures  of  declination,  the  solution  of  the  equations  of  con¬ 
dition  given  by  the  residuals  gives  the  following  results: 

dp  —  —  o''.  1 7 
di  —  +  o".  1 5 
id  9  —  —  o".40 
or, 

Correction  to  the  inclination,  — o".i5 

Correction  to  the  longitude  of  node,  +4". 5 
This  correction  to  the  longitude  of  the  node  from  Hansen’s  tables  implies  a  dimi¬ 
nution  of  the  secular  retrograde  motion  of  the  node,  which  is  quite  accordant  with  the 
results  derived  from  ancient  eclipses.  Hansen  remarks  that  an  increase  of  12"  per  cen¬ 
tury  in  the  longitude  of  the  moon’s  node  will  improve  the  agreement  of  his  tables  with 
ancient  eclipses;*  and,  if  we  suppose  the  tabular  longitude  of  the  node  to  have  been  cor¬ 
rect  in  1825,  this  would  imply  a  correction  of  +5".2  to  the  longitude  of  the  node 
in  1868. 


Darlegung,  etc.,Th.  ii,  p.  391. 


AUXILIARY  TABLES  FOR  FACILITATING  THE  COMPUTATION  OF  THE  CORREC¬ 
TIONS  TO  HANSEN’S  “ TABLES  DE  LA  LUNE”,  GIVEN  BY  THE  PRECEDING  DIS¬ 
CUSSION.- 

The  following  is  a  summary  of  the  corrections  to  the  longitude  of  the  moon  from 
Hansen’s  tables  given  by  the  preceding  discussion.  The  first  six  terms  are  applicable 
to* the  disturbed  mean  longitude,  or  “ Argument  fondamental the  remainder  to  the 
true  longitude;  but  they  may  all  he  used  as  corrections  of  the  “ Argument  fondamental ” 
without  serious  error: 

Corrections  on  account  of  diminution  of  the  solar  parallax. .  n  6z  —  -f-  0T96  sin  D 

+  0T07  sin  (I)  —  g  ) 

—  o".  1 3  sin  (D  +  g) 

On  account  of  hypothesis  ( here  provisionally  set  aside),  that 
the  moons  center  of  gravity  does  not  coincide  with  the 
center  of  figure,  together  with  the  correction  to  the  erec¬ 
tion  resulting  from  the  correction  to  the  eccentricity . . .  n  fiz  —  -j-  0T09  sin  g' 

—  o". 33  sin  2  J) 

—  o".2\  sin  (2  J)  —  g) 

On  account  of  term  accidentally  introduced  into 

the  tables  with  a  wrong  sign .  6v  —  —  0T62  sin  (2  g  —  4^  +  2©  —  4  go1) 

On  account  of  correction  to  the  eccentricity  and  perigee 

found  from  observations  during  1847-74 .  Sv  —  —  0T57  sin  g  —  0T23  cos  g 

—  0T62  sin  ( g  -(-  202 °.o) 

Empirical  term,  necessary  to  satisfy  observations, 

but  not  verified  by  theory .  +  1". 50  sin  [i,r+  21.6  (  Y —  1865.1)] 

Unexplained  correction  to  the  mean  longitude,  changing  slowly  from  year  to 

year . - .  . See  Table  IV. 

The  deduction  of  all  these  terms,  except  the  last,  has  been  fully  given  in  the  pre¬ 
ceding  pages.  This  secular  correction  to  the  mean  longitude  has  been  derived  from  the 
outstanding  errors  of  mean  longitude  given  on  page  30,  in  the  column  n  Sz,  by  suppos¬ 
ing  this  quantity  to  vary  according  to  some  simple  law,  which  law  changes  when  necessary, 
so  as  to  satisfy  the  observations  within  the  mean  limits  of  their  probable  error.  An 
examination  of  Table  IV  shows,  that,  from  1848.0  to  1855.5,  the  correction  is  supposed 
to  increase  uniformly  at  the  rate  of  o".20  per  annum.  It  is  then  supposed  to  remain 
constant  until  nearly  1863.0,  a  period  during  which  the  observations  are  not  continuous, 
there  being  no  comparisons  with  theory  from  1859  to  1861  inclusive.  From  1863.0 
until  the  present  time,  the  observations  are  well  represented  by  the  correction 
_  5T53  —  o".86  ( t —  1870.0)  -fo".02  (t  —  1870.0)2 
The  continuance  of  this  correction  beyond  1875.0  is,  of  course,  purely  conjectural. 

TABLES  FOR  APPLYING  THE  PRECEDING  CORRECTIONS. 

The  following  tables  are  designed  to  facilitate  the  computation  of  the  corrections 
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just  given.  To  avoid  the  necessity  of  referring  to  Hansen’s  tables,  the  values  of  all  the 
necessary  arguments  arc  given  for  the  years  1850  to  1889  in  Tables  I  to  111. 

Table  I:  the  epochs  are  January  o,  Greenwich  mean  noon  of  common  years,  and 
January  1  of  leap  years.  All  the  arguments  increase  uniformly  by  a  unit  in  a  day. 

Argument  g  is  the  moon’s  mean  anomaly,  converted  into  days  by  dividing  its  ex¬ 
pression  in  degrees  by  1 3.065.  It  is  equal  to  Hansen’s  argument  g  diminished  by  1 5  days. 

Argument  D  shows  the  number  of  days  since  mean  new  moon,  or,  it  is  the  mean 
departure  of  the  moon  from  the  sun  expressed  in  days.  It  is  equal  to  Hansen’s  argu¬ 
ment  33  diminished  by  30  days,  or,  which  amounts  to  the  same  thing,  by  od.47. 

Argument  A  gives  the  number  of  days  from  the  time  when  the  angle 

2  g  —  4  S'  +  2©  —  4  gd1 

was  last  zero. 

Argument  B  is  that  of  the  empirical  term  indicated  by  observations,  but  not  given 
by  theory. 

Argument  u  is  that  of  latitude,  or  the  number  of  days  since  the  mean  moon  last 
passed  her  ascending  node. 

Tables  II  and  III  do  not  seem  to  need  explanation.  In  using  the  former,  care  must 
l)e  taken  to  diminish  by  one  day  the  dates  for  January  and  February  of  leap  years. 

Table  IV  gives  the  secular  corrections  to  the  mean  longitude,  or  to  nSz ,  obtained 
from  observations  in  the  manner  already  described. 

Table  V,  argument  A,  gives  the  correction  for  the  term  introduced  into  the  tables 
with  a  wrong  sign,  described  on  page  9.  It  is  properly  to  be  applied  to  the  true  longi¬ 
tude,  and  is  therefore  designated  as  Sv. 

Table  VI  gives  the  empirical  term,  which,  so  far  as  is  known,  may  be  applied  to  the 
true  longitude. 

Table  VII  gives  the  sum  of  the  terms  of  mean  longitude 

-f-  0V96  sin  1) 

—  0T33  sin  2  D 

—  o".i  3  sin  (D  +  g') 

-f-  0A09  sin  g' 

The  sun’s  mean  anomaly,  g\  having  a  period  of  a  year,  the  sum  of  these  terms  can 
be  expressed  as  a  function  of  D  and  the  month,  and  is  given  in  the  table  for  the  middle 
of  each  month,  and  for  each  day  of  D. 

Table  VII I  gives  the  sum  of  the  terms  of  true  longitude  which  depend  wholly  or 
partly  on  the  moon’s  mean  anomaly,  namely: 

-f-  o" .62  sin  (g  -f-  202 °.o) 

+  o" .07  sin  (D  —  g) 

—  o" .2 1  sin  (2  1)  —  g) 

The  sum  of  the  terms  of  n  dz  are  to  be  reduced  to  corrections  of  the  longitude  in 
orbit  by  multiplication  by  the  factor 

1  -f-  2  e  cos  g  +  -  e~  cos  2  g] 

This  factor,  less  unity,  is  given  in  Table  IX. 
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For  convenience,  1  lie  unit  of  the  factor  is  omitted  from  the  tabular  numbers,  so  that 
it  is  only  necessary  to  add  the  product  F  X  n  dz  in  with  n  Sz  and  Sv  to  have  the  cor¬ 
rection  of  the  true  longitude  in  orbit. 

These  corrections  being  applied  to  the  longitude  of  the  moon’s  center  from  Han¬ 
sen’s  tables,  that  longitude  may  be  regarded  as  correct,  excepting  a  small  correction, 
which  may  probably  be  regarded  as  constant  during  any  one  period  not  exceeding  six 
months,  and  which  may  be  attributed  to  the  adopted  position  of  the  equinox.  It  will 
be  best  determined  from  occultations  of  stars  observed  at  points  whose  longitudes  from 
Greenwich  are  accurately  known  by  telegraph,  and  will  then  be  applicable  to  the 
determination  of  the  longitude  of  any  station  from  occultations. 

If  the  corrections  here  deduced  are  applied  to  the  errors  of  the  lunar  ephemcris 
derived  from  meridian  observations,  it  must  be  remembered  that  these  observations  are 
made  on  the  moon’s  limb,  while  the  corrections  are  applicable  to  the  center.  Hence, 
the  value  of  the  moon’s  semi-diameter  must,  if  great  refinement  is  aimed  at,  be  varied 
with  the  observer,  the  instrument,  and  the  brightness  of  the  sky.  For  large  instru¬ 
ments,  Hansen’s  semi-diameter  is  about  i"  too  great,- even  at  night. 

The  sum  of  all  the  terms  of  n  Sz,  Sv,  and  dz  from  the  tables  will  be  the 

correction  of  the  longitude  in  orbit.  This  will  not  be  rigorously  the  same  as  the  correc¬ 
tion  to  the  ecliptic  longitude. 

Table  X  gives  the  small  factor  (F.  1)  by  which  the  orbit  longitude  must  be  increased 
or  diminished  to  obtain  the  ecliptic  longitude.  This  factor  may  generally  be  disregarded- 

Table  X  also  gives  the  data  for  the  correction  of  the  moon’s  latitude,  namely,  (i) 
a  factor  (/./?)  by  which  the  correction  of  the  moon’s  argument  of  latitude  must  be 
multiplied ;  and  (2)  the  term 

S/3,  —  —  o".  1 5  sin  u 

arising  from  the  correction  to  the  tabular  inclination  of  the  moon’s  orbit.  The  correc¬ 
tion  of  the  moon’s  argument  of  latitude  being  that  of  her  longitude,  minus  the  correction 
of  her  node,  the  whole  correction  to  the  latitude  will  be 

S/3  =  S/3,+  (F/3)  (Sv-  4".5) 

Table  XI  gives  the  factors  for  converting  corrections  of  longitude  and  latitude  into 
corrections  of  right  ascension  and  declination.  The  formulae  are 

d  .  A\  —  Sv  -J-  (v .  a)  Sv  -j-  (/3 .  a)  S/3 
S  .  Dec.  n:  S/3  -j-  (v .  d)  d#  -f-  (f3 .  d)  S/3 

The  side  argument  is  the  moon’s  longitude,  and  in  the  coefficients  (v .  a)  and  perhaps 
(/?.«)  regard  must  be  had  to  the  moon’s  latitude  also.  Three  columns  are  therefore 
given  for  latitude,  —  50,  o°,  and  +  50  respectively. 
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As  an  example  of  the  use  of  the  tables  of  corrections,  we  will  commence  the 
determination  of  the  corrections  for  September,  1874.  We  find  the  values  of  the  argu¬ 
ments  for  September  1,  from  Tables  I  to  111,  as  follows: 


g 

D 

A 

B 

u 

1874  .  .  . 

5-4 

12. 1 

8.0 

20.0 

1.9 

Sept.  1  . 

23.6 

7-8 

1.9 

24.6 

26.2 

Periods  . 

—  27.6 

•  • 

•  • 

-27.4 

—27.2 

Arg.  Sept.  1  . 

1.4 

19. Q 

9.9 

17.2 

0.9 

Arg.  Oct.  1  . 

3-8 

20.3 

39-9  r 
or  7.8  S 

47-2  ) 
or  19.8  f 

30.9  ) 
or.  3.7  f 

D—  19.9 
g-  1.4 
D-g-  18.5 


The  tabular  numbers  are  then  found  as  follows,  with  an  argument  increasing  by 
unity  eacli  day.  From  Table  VIII,  we  take  a  mean  from  columns  18  and  19. 


September 

1. 

2. 

3. 

4- 

5- 

6. 

7- 

8. 

„ 

II 

n 

„ 

,, 

II 

II 

„ 

Table  IV  (« ,5c)  . 

-  9. 11 

-  9. II 

-  9. II 

-  9. 11 

—  9.12 

- 

9. 12 

—  9.12 

—  9. 12 

V  (,5z/).  . 

4-  0.40 

+  O.55 

+  0.62 

+  0  59 

+  0.48 

4- 

0.28 

4-  0.05 

—  0.18 

VI  (<5c)  . 

-  1.07 

—  I.29 

—  I.42 

-  1.50 

—  1.48 

- 

1.40 

—  1.23 

—  1 .01 

VII  (**  6z) . 

—  1.29 

-  1-25 

—  I  .  12 

-  0.95 

—  0.76 

- 

0.56 

-  0.37 

—  0.22 

VIII  (6v)  . 

—  0.65 

—  0.72 

-  0.77 

—  0.78 

-  0.75 

- 

0.69 

—  0.60 

—  0.48 

—  11.72 

—  11.82 

—  II.80 

-11.75 

—  11.63 

— 

11.49 

—  11.27 

—  11. 01 

n  ,5c  X  F,  Table  IX 

—  I .  T2 

-  0.93 

—  0.71 

-  0.47 

—  0.28 

- 

0.06 

4-0.18 

+  0.37 

&v . 

—  12.84 

-12.75 

—  12.51 

—  12.22 

—  11 .91 

- 

H-55 

—  11.09 

—  10.64 

fiv  —  4". 5  .  .  . 

-17.3 

—17.2 

—  17.0 

—  16.7 

—  16.4 

— 

16.0 

-15.6 

—  15. 1 

Table  X  (F  .  /?)  . 

+  0.088 

4-  0.082 

4-  0.070 

4-  0.056 

+  0.038 

4- 

0.019 

—  0.002 

—  0.022 

X(dj&).  . 

-  0.03 

—  0.07 

—  0. 10 

—  0. 12 

—  0.14 

- 

0.15 

-  0.15 

—  0. 14 

(6v-  4".5)(F./3). 

-  1.52 

-  1.38 

-  1. 19 

-  0.93 

—  0.63 

— 

0.30 

4-  0.03 

+  0.33 

w . 

-  i-55 

-  1.45 

—  1.29 

-  1.05 

-  0.77 

- 

0-45 

—  0. 12 

4-  0.19 

0 

, 

0 

0 

O 

0 

O 

O 

D’s  longitude 

46.5 

60.7 

74.6 

88.1 

101 . 5 

”4-5 

127.4 

140.0 

II 

It 

>> 

It 

" 

» 

II 

» 

(r+(z/.  0))  ,5c  . 

—  13-08 

-13-49 

-13.84 

-13-81 

-13-39 

- 

12.61 

—  11.62 

—  10.67 

•  •  • 

4-  0.47 

4-  0.32 

4-  0. 16 

4-  0.02 

—  0.07 

- 

0.09 

—  0.03 

4-  0.06 

d/R  .  .  .  .  | 

—  12.6 

-13.2 

-13-7 

-13-8 

-13-5 

- 

12.7 

—  11. 6 

—  10.6 

—  o8. 84 

CO 

CO 

b 

1 

—  ofl.  91 

—  0\92 

—  0" .  90 

- 

0".  85 

1 

CO 

—  0* .  7 1 

" 

It 

" 

" 

II 

II 

" 

(c .  ,5)  6v  . 

-  3-70 

—  2.64 

-  1. 41 

—  0.18 

4-  1.02 

4- 

2.05 

4-2.84 

+  3-35 

(1  +0.<W  .  . 

-  1.50 

—  1.42 

-  1.28 

-  1.05 

-  0.77 

- 

0.44 

—  0.  12 

4-  0.18 

<5Dcc.  .... 

-  5-2 

-  4.1 

-  2.7 

—  1.2 

4-  0.2 

+ 

1.6 

4-  2.7 

+  3-5 
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This  computation  has  Ween  continued  to  1875,  January  31,  and  the  results  are 
shown  in  the  following  table: 

Corrections  to  the  Ephemeris  derived  from  Hansen's  Tables  of  the  Moon ,  for  Greenwich 
mean  noon  of  each  day ,  from  1874,  September  1,  to  1875,  January  31. 


Date. 

Gr.  mean 

noon. 

Correction  to  tabular — 

Date. 

Gr.  mean 

noon. 

Correction  to  tabular — 

Long. 

Lat. 

R.  A. 

Dec. 

Lorn?. 

Lat. 

R.  A. 

Dec. 

1874. 

n 

» 

1874. 

n 

„ 

„ 

Sept.  1 

-12.8 

—  1.6 

—  12.6 

-  5-2 

Oct.  11 

-  7-5 

+  1. 1 

—  6.7 

4-  3.6 

2 

12.8 

1-5 

13.2 

4- 1 

12 

7-2 

1 .0 

6.8 

3.2 

3 

12.5 

'•3 

>3-7 

2-7 

13 

6.9 

1 .0 

6.8 

2-7 

4 

12.2 

1 .0 

13.8 

—  1.2 

14 

6.6 

0.8 

7.0 

2.0 

5 

„.9 

0.8 

1 3  -  5 

+  0.2 

15 

6.4 

0.7 

7.0 

1-3 

6 

—  it  .6 

-  0.5 

-12.7 

+  1.6 

16 

—  6.2 

+  0.5 

-  7.0 

+  0.6 

7 

1 1 . 1 

—  0. 1 

1 1 .6 

2  7 

17 

6. 1 

0.3 

6.9 

—  0.2 

8 

10.6 

+  0.2 

10.6 

3-5 

18 

6.2 

+  0.1 

6.8 

I  .O 

9 

10. 1 

0.5 

9.6 

4-1 

19 

6.4 

—  0. 1 

6.6 

1.8 

10 

9.6 

0.7 

8.6 

4-3 

20 

6.8 

0.4 

6.6 

2-5 

-  9.0 

+  0.9 

-  7-9 

+  4-4 

21 

-  7-5 

—  0  6 

-  6.9 

-  3-3 

12 

8-3 

1 .0 

7-3 

4.2 

22 

8-3 

0.9 

7-3 

4.1 

13 

7-6 

1 . 1 

6.7 

3-8 

23 

9-3 

1 . 1 

8.1 

4-7 

M 

6.8 

1.0 

6.2 

3-3 

24 

10.4 

1-3 

9.2 

5-2 

15 

6.2 

1.0 

5-9 

2.8 

25 

xi. 4 

1-5 

10.6 

5-2 

16 

-  5-6 

+  0.9 

-  5-7 

+  2.2 

26 

—  12.4 

-  1.5 

—  12.2 

-  4.8 

«7 

5-2 

0.7 

5-5 

1.6 

27 

132 

1.4 

>3-9 

3-8 

18 

5.0 

0.6 

5-5 

1 .0 

28 

13-6 

1.2 

15. 1 

2-3 

19 

5-1 

0.4 

5-8 

+  0.3 

29 

13.8 

1 .0 

*5-7 

—  0.6 

20 

5-4 

+  0.2 

6. 1 

-  0.4 

30 

136 

0.6 

15-3 

+  1. 1 

21 

—  6.1 

0.0 

-  6.6 

—  1.2 

31 

-13-2 

-  0.3 

-14.2 

+  2.6 

22 

7.0 

—  0.2 

7-2 

2.2 

Nov.  1 

12.4 

+  O.I 

12.6 

3.6 

23 

8.1 

0.5 

7.8 

3-2 

2 

II. 4 

0.4 

11. 1 

4-3 

24 

9.4 

0.8 

8-5 

4-3 

3 

10.5 

0.7 

9.6 

4-5 

25 

10.6 

1 . 1 

9-3 

5-2 

4 

9-5 

0.8 

8.4 

4-5 

26 

-II.  8 

-  1.3 

—  10.3 

-  5-8 

5 

-  8.5 

+  1.0 

-  7-4 

+  4-3 

27 

12.7 

1  •  5 

11. 5 

6.0 

6 

7-7 

1 .0 

6.7 

3-9 

28 

13-4 

1.6 

12.8 

5-7 

7 

7-1 

1 .0 

6-3 

3-5 

29 

»3-7 

1  •  5 

13.9 

4-8 

8 

6.6 

1 .0 

6.2 

3-1 

30 

13.8 

1.4 

14.9 

3-4 

9 

6.4 

1 .0 

6.2 

2.6 

Oct.  1 

-13-5 

—  1.2 

-15.2 

-  «.7 

10 

-  6.3 

+  0.9 

-  6.5 

+  2.1 

2 

13.0 

0.9 

14.7 

—  0.1 

11 

6-3 

0.7 

6.9 

1-5 

3 

12.2 

0.5 

13.6 

+  1.4 

12 

6.5 

0.6 

7-3 

+  0.8 

4 

11. 5 

—  0.2 

12.2 

2.6 

13 

6.8 

0.4 

7.7 

—  0. 1 

5 

10.6 

+  O.I 

10.8 

3-3 

14 

7-1 

+  0.1 

7.8 

1 .0 

6 

-  9-9 

+  0.4 

-  9-4 

+  3-9 

15 

-  7-4 

—  0.1 

-  7.8 

-  1.8 

7 

9.2 

0.6 

8.4 

4-1 

16 

7-7 

0.4 

7-7 

2-7 

8 

8.7 

0.8 

7-7 

4.2 

17 

8.1 

0.6 

7.6 

3-4 

9 

8.2 

I  .O 

7-2 

4-2 

18 

8.4 

0.8 

7.6 

4.0. 

10 

7.8 

1.0 

6.8 

4.0 

19 

8.9 

1.0 

7.8 

4-5 

C  M 
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Corrections  to  the  Ephemeris  derived  from  Hansen's  Tables  of  the  Moon ,  etc. — Continued. 


Date. 


Correction  to  tabular — 


Gr.  mean 

noon. 

Long. 

Lat. 

R.  A. 

Dec. 

1 874. 

.. 

- 

Nov.  20 

-  9-4 

—  1.2 

-  8.2 

-  4.8 

21 

10. 0 

•  -3 

9.0 

4.8 

22 

10.6 

i-3 

10. 1 

4-5 

23 

I  I  .2 

1-3 

11. 4 

3-8 

24 

11. 7 

1 . 2 

12.7 

2.6 

25 

—  12.2 

—  1 .0 

-13.8 

-*  1.2 

26 

12.5 

0.6 

14.1 

+  0.5 

27 

12.6 

-  0.3 

13-8 

2.0 

28 

12.5 

0.0 

13-0 

3-3 

29 

12. 1 

+  0.4 

11.9 

4-3 

30 

—  11. 7 

+  0.7 

— 10.9 

4-  4.9 

Dec.  1 

11. 0 

0.9 

9.9 

5-i 

2 

10.3 

1 . 1 

9.0 

5-i 

3 

9  4 

1.2 

8.2 

4-7 

4 

8-5 

I  .  2 

(7-5 

4.2 

5 

-  7-7 

+  1. 1 

-  7-o 

4-  3-6 

6 

7.0 

1 .0 

6.8 

3-0 

7 

6.4 

0.9 

6.6 

2-3 

8 

6. 1 

0.8 

6.5 

1 .6 

9 

6.0 

0.6 

6.7 

0.9 

10 

—  6.1 

4-  0.4 

-  6.9 

4-  0. 1 

1 1 

6.4 

+  0.2 

7-i 

-  0.7 

12 

6.8 

0.0 

7-3 

1-5 

13 

7-4 

-  o-3 

7-5 

2.4 

M 

8.0 

0.6 

7.6 

3-3 

15 

1 

CO 

—  0.8 

-  7-8 

-  40 

16 

9-3 

1 . 1 

8.1 

4-7 

17 

9.9 

1 . 2 

8.6 

5-o 

18 

10.3 

1-3 

9.2 

5-i 

19 

10.7 

1.4 

10. 0 

4.8 

20 

—  11 .0 

-  i.3 

—  11 .0 

-  4-1 

21 

1 1 . 2 

1.2 

12.0 

3.i 

22 

11. 4 

1 .0 

12.7 

1-7 

23 

1 1 .4 

0.7 

12.9 

—  0.2 

24 

11. 4 

0.4 

12.6 

+  i.3 

25 

-11. 3 

—  0. 1 

—  12.0 

4-  2.6 

26 

1 1 . 1 

+  0.3 

1 1 . 1 

3-6 

Date. 

Gr.  mean 

noon. 

Correction  to  tabular — 

Long. 

Lat. 

R.  A. 

Dec. 

1874. 

- 

- 

- 

Dec.  27 

-  10.8 

4-  0.6 

—  10.2 

+  4-3 

28 

10.4 

0.8 

9-5 

4-7 

29 

10.  1 

1 .0 

8.9 

4-9 

30 

9.6 

1 . 2 

8.4 

49 

3' 

9.2 

I  .2 

8.1 

4.6 

1875- 

Jan.  1 

-  8.7 

4-  1.2 

-  7-9 

4-4-1 

2 

8.2 

I  .  I 

79 

3.5 

3 

7.8 

I  .O 

7-9 

2.9 

4 

7-4 

O.9 

7-9 

2. 1 

5 

7-1 

0.6 

CO 

1 .2 

6 

1 

O 

4-  0.4 

-  7.8 

4-  0.4 

7 

6.8 

4-  0.2 

7  1 

-  0.5 

8 

6.9 

0.0 

7.5 

1.4 

9 

7-2 

-  0.3 

7.4 

2.2 

10 

7.6 

0.5 

7-3 

3-0 

1 1 

-  8.0 

-  0.7 

-  7-3 

-  3-7 

12 

8.6 

1 .0 

7-5 

4-3 

13 

9.2 

1 . 2 

8.0 

4-7 

14 

9-7 

1-3 

8.6 

4-9 

15 

10.3 

1.4 

9-5 

4.8 

16 

—  10.8 

—  1-3 

—  10.6 

-  4-3 

17 

I  I  2 

1 .2 

11. 7 

3-4 

is 

M.5 

1 .0 

12.6 

2.2 

19 

1 1 .6 

0.8 

'3-i 

—  0.8 

20 

1 1 .6 

0.5 

13.0 

4-  0.8 

21 

-11. 5 

—  0.  r 

— 12.4 

4-  2.2 

22 

1 1 . 1 

4-  0.2 

11.4 

3-3 

23 

10.7 

0.5 

10.3 

41 

24 

10.2 

0.7 

9-3 

4-5 

25 

9.6 

1 .0 

8-5 

4-6 

26 

-  9.1 

4-  1. 1 

-  7-9 

4-  4-6 

27 

8-5 

1 . 1 

7-5 

4-3 

28 

8.1 

1 . 1 

7-2 

4.0 

29 

7-7 

1 . 1 

7-2 

3-5 

30 

7-5 

1.0 

7-4 

2.9 

31 

-  7-4 

4-  0.9 

-  7-7 

4-  2.3 

T  A  B  L  E  S 
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T  ABIES. 


Table  I. 

Values  of  the  Arguments  for  the  begu¬ 
iling  of  each  year. 


Year. 

g 

D 

A 

B 

u 

1850 

1.8 

• 

16.7 

6-3 

4-3 

25.5 

1851 

8.6 

27-3 

0.0 

12.7 

9-5 

1852  B 

16.4 

9.4 

10.9 

22. 1 

21.7 

1853 

23. 1 

20.0 

4-7 

31 

5-8 

>854 

2.4 

1. 1 

14.6 

5 

17.0 

1855 

9.2 

11. 8 

8.4 

19.9 

1 .0 

1856  B 

17.0 

23.4 

3-2 

1.9 

13-3 

1857 

23.8 

4-5 

*3- 1 

10.3 

24-5 

1858 

3-0 

15. > 

6.9 

18.7 

8-5 

1859 

9.8 

25.8 

0.7 

27.1 

19.8 

i860  B 

17.6 

7-9 

1 1 .6 

9.1 

4.8 

1861 

24.4 

18.5 

5-3 

17.5 

16.0 

1862 

3-6 

29.2 

152 

25-9 

0. 1 

1863 

10.4 

10.2 

9.0 

6.9 

11. 3 

1864  B 

18.2 

21.9 

3-7 

16.3 

23.6 

1865 

25.0 

3-0 

137 

24.7 

7.6 

1866 

4.2 

13.6 

7-4 

5-7 

18.8 

1867 

1 1 .0 

24-3 

1.2 

14.1 

2.8 

1868  B 

18.8 

6.4 

12.  I 

23-5 

15. 1 

S 

CO 

25.6 

17.0 

5-9 

4-4 

26.3 

1870 

4-8 

27.6 

15-8 

12.8 

10.4 

1871 

1 1 .6 

8.7 

9.6 

21.3 

21.6 

1872  B 

19.4 

20.4 

4-4 

3.2 

6.6 

1873 

26.2 

..5 

14-3 

1 1 .6 

17.9 

1S74 

5-4 

12. 1 

8.0 

20.0 

1.9 

1875 

12.2 

22.7 

1.8 

1 .0 

13. 1 

1876  B 

20.0 

4.8 

12.7 

10.4 

25-4 

1877 

26.8 

15.5 

6-5 

18.8 

9.4 

1878 

6.0 

26.1 

0.3 

27.2 

20.7 

1879 

12.8 

7-2 

10.2 

8.2 

4-7 

1880  B 

20.6 

18.8 

5.0 

17.6 

16.9 

1S81 

27-4 

29.4 

14.9 

26.0 

I  .O 

1882 

6.6 

10.6 

8.6 

7.0 

12.2 

18S3 

13-4 

21.2 

2.4 

15-4 

23-4 

1884  B 

21.2 

3-3 

13-3 

24.8 

8.5 

1885 

0.5 

13-9 

7-1 

5-8 

19.7 

1886 

7-3 

24.6 

0.9 

14.2 

3-7 

1887 

14.0 

5-7 

10.6 

22.6 

150 

1888  B 

21.8 

17.3 

5-5 

4.6 

0.0 

1889 

28.6 

27.9 

154 

130 

1 1 . 2 

Table  II. 

Reduction  of  the  Arguments  to  the  zero- 
day  of  each  month. 


Month. 

g 

D 

A 

B 

u 

Jan. 

0* 

0.0 

0.0 

0.0 

0.0 

0.0 

Feb. 

0* 

3-4 

i-5 

14.9 

3-6 

3-8 

Mar. 

0 

3-9 

0.0 

10.6 

4.1 

4.6 

April 

0 

7-3 

1-4 

9-3 

7-7 

8-4 

May 

0 

9.8 

1.9 

7.0 

10.3 

11. 2 

June 

0 

13.2 

3-3 

5-7 

13-8 

14.9 

July 

0 

15.7 

3-8 

3-5 

16.4 

17.7 

Aug. 

0 

19. 1 

5-3 

2.2 

20.0 

21.5 

Sept. 

0 

22.6 

6.8 

0.9 

23.6 

25.2 

-Oct. 

0 

25.0 

7-2 

14.8 

26. 1 

0.9 

Nov. 

0 

0.9 

8.7 

13-5 

2-3 

4-7 

Dec. 

0 

3-3 

9-1 

1 1 .2 

4.8 

7-5 

*In  January  and  February  of  leap-years, 
the  numbers  taken  from  Table  II  are  to  be 
diminished  by  a  unit. 


Table  III. 


Periods  of  the  Arguments . 


g 

D 

A 

B 

u 

r  .  . 

27.6 

29.5 

16. 1 

27.4 

27.2 

r  .  . 

551 

59-i 

32.3 

54-9 

54.4 

p  .  . 

82.7 

88.6 

48.4 

82.3 

81.6 

p  .  . 

1 10.2 

118. 1 

64.6 

109.7 

108.8 
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Table  IV. 

Secular  Terms,. 

Table  V. 

Argument  A. 

Table  VI. 

Argument  B  ( Empirical  Term). 

Year. 

n  6z 

Difl'. 

A 

B 

f>v 

B 

1848.0 

0.00 

+ 

0.20 

0 

0.00 

0 

0.00 

40 

0 

•39 

1 849 . 0 

4-  0.20 

0.20 

1 

0.23 

1 

+ 

0-34 

41 

-r 

0 

•05 

1850.0 

1851.0 

0.40 

0.60 

0.20 

2 

3 

- 

0.44 

0.57 

2 

3 

0.66 

0.95 

42 

’43 

1  “ 

0 

0 

.29 

62 

1852.0 

0.  80 

0.20 

4 

0. 62 

0.20 

5 

0.57 

4 

1.19 

44 

- 

0 

.91 

1853-0 

1 .00 

+ 

0.20 

6 

— 

0.44 

5 

4- 

i-37 

45 

- 

1 

16 

1854.0 

4-  1.20 

0.20 

7 

- 

0.25 

6 

1.47 

46 

- 

1 

■34 

1855.0 

1  40 

4- 

0. 10 

8 

- 

0.02 

7 

1.50 

47 

- 

1 

.46 

1856.0 

1.50 

0.00 

9 

0.22 

8 

1  45 

48 

— 

1 

■  50 

1857.0 

1S58.0 

1.50 

1.50 

0.00 

10 

1 1 

0.42 

0.56 

9 

10 

4- 

1 .32 

1  •  *3 

49 

50 

— 

1 

1 

.46 

•34 

1859.0 

4-  1.50 

0.00 

12 

0.62 

1 1 

0.88 

51 

■ 

16 

1860.0 

1.50 

0.00 

0.00 

13 

14 

+ 

0.58 

0.46 

1 2 

0-57 

52 

- 

0 

9> 

1861 .0 

1.50 

0.00 

15 

0.26 

13 

+ 

0.25 

53 

- 

0 

62 

1862.0 

1.50 

0.03 

16 

4- 

0.03 

M 

— 

0. 10 

54 

- 

0 

29 

1863.0 

1  -  47 

_ 

1.12 

17 

— 

0. 20 

15 

0.44 

55 

+ 

0 

05 

1864.0 

4-  0.35 

1 .08 

18 

— 

0.42 

16 

— 

0-75 

56 

0 

39 

1S65.0 

-  0.73 

1.04 

1 .00 

19 

— 

0.56 

17 

— 

1.03 

57 

0 

71 

1866.0 

1867.0 

-  i-77 

-  2.77 

20 

21 

— 

0.62 

0-59 

18 

•9 

- 

1-25 

1 .40 

58 

59 

0 

1 

99 

22 

— 

0.96 

22 

— 

0.47 

1S08.0 

-  3-73 

_ 

0.92 

23 

_ 

0.28 

20 

— 

1.49 

60 

1 

39 

1 869 . 0 

-  4-65 

0.88 

24 

— 

0.05 

21 

— 

1  -49 

61 

1 

48 

1870.0 

-  5-53 

0.84 

25 

4- 

0. 19 

22 

... 

1.42 

62 

1 

50 

O 

Xl  ( 

—  6-37 

0.80 

26 

0.40 

23 

— 

1.27 

^3 

1 

44 

1872.0 

-  7-17 

0.76 

27 

0.55 

24 

— 

1 .06 

64 

1 

30 

1S73.0 

-  7-93 

.  28 

0.62 

25 

— 

0.79 

65 

+ 

1 

08 

1874.0 

1875.0 

-  8.65 

-  9-33 

- 

0.72 

0.68 

29 

30 

4- 

0.59 

0-49 

26 

27 

- 

0.48 

0.15 

66 

67 

0 

0 

83 

53 

1876.0 

-  9-97 

0.64 

3i 

4- 

0.30 

28 

4- 

0. 19 

6S 

4- 

0. 

•9 

1877.0 

— 

0.60 

32 

0.07 

-  10.57 

0.56 

33 

— 

0.17 

29 

0-53 

69 

— 

0 

15 

1878. 0 

—  II.  13 

0.52 

34 

- 

0.38 

30 

4- 

0.83 

70 

- 

0. 

48 

1879.0 

—  11.65 

0.48 

35 

- 

0.54 

3i 

1 .08 

7i 

— 

0. 

79 

1880.0 

—  12.13 

36 

— 

0.62 

32 

1.30 

72 

— 

1 

06 

37 

— 

0.60 

33 

1.44 

73 

— 

1 

27 

38 

— 

0.49 

34 

1.50 

74 

— 

1 

42 

39 

— 

0.31 

35 

4- 

1.48 

75 

— 

1 

49 

40 

41 

4- 

0.09 

0.15 

36 

L  39 

76 

- 

1 . 

49 

42 

0.38 

37 

1 .22 

77 

— 

40 

43 

0-54 

3S 

0.99 

78 

— 

1 . 

25 

44 

0.61 

39 

0.71 

79 

— 

1 . 

03 

45 

0.60 

40 

4- 

0-39 

80 

- 

0. 

75 

46 

+ 

0.51 

47 

0-33 

48 

4- 

0. 10 

49 

- 

0. 14 

50 

- 

0.36 

47 


Table  VII,  n  5z. 

Arguments ,  D  and  the  month. 


D 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

o 

—  0.01 

—  0.03 

—  0.04 

—  O.O4 

—  0.03 

—0.01 

+0.01 

+0.03 

4-0.04 

•  • 

+  0.04 

+ 

0.03 

+ 

o.ot 

i 

+0.03 

+  0.01 

+  0.02 

+  0.03 

+  0.05 

+  0.08 

+0. 10 

+0. 1 1 

+  0. 1 1 

+  0.  to 

+ 

0.07 

+ 

0.05 

2 

0.08 

0.09 

0.  to 

0.13 

0. 16 

0. 19 

0.21 

0.20 

0. 19 

0. 16 

0. 13 

0.  to 

3 

0. 16 

0. 19 

0.22 

0.26 

0.29 

0.32 

0-34 

0.31 

0.23 

0.24 

0.21 

0.18 

4 

0.29 

0.32 

0  38 

0.43 

0.46 

0.49 

°-49 

0. 46 

0.41 

0.36 

0.32 

0.29 

5 

+0.45 

+0.50 

+0.56 

+  0.62 

+  0.66 

+  0.67 

+0.67 

+0.62 

+0. 56 

+0.50 

+ 

0.46 

+ 

0.45 

6 

0.63 

0.68 

0.77 

0.83 

0.85 

0.87 

0.85 

0.79 

0.71 

0. 65 

0.62 

0.60 

7 

0.80 

0.87 

0.96 

t  .02 

1.05 

1 .06 

1 .02 

0.95 

0.86 

0.80 

0-77 

0. 76 

8 

0.93 

1 .02 

1 . 12 

1. 18 

1 .20 

1.19 

1. 15 

t  .06 

0.96 

0.90 

0.S8 

0. 89 

9 

1 .02 

I  .  12 

1 .21 

1.27 

1 .29 

1.27 

1.21 

1 . 1 1 

1. 01 

0.95 

0  94 

0.96 

to 

+  1.04 

+  1.15 

+  1.25 

4-1.30 

+  1.30 

+  t .  26 

+ 1 . 18 

+  1.08 

+0.98 

4-0.93 

+ 

0.93 

+ 

0.97 

1 1 

0.97 

1.07 

1.18 

1 . 22 

1.20 

1. 15 

1.07 

0.96 

0.86 

0.S2 

0.83 

0. 8q 

12 

0.82 

0.92 

1 .03 

1 .06 

1 .02 

0.96 

0.86 

0.76 

0.66 

0.63 

0.66 

0.  72 

>3 

0.58 

0.68 

0.77 

0.79 

0.74 

0.66 

0.56 

0.46 

0-37 

0.35 

0.40 

0.48 

14 

+  0. 28 

0-39 

0.47 

0.48 

0.42 

4-0.32 

+0. 22 

+0  12 

+0.04 

+0.03 

+ 

0.09 

+ 

0.18 

>5 

—0.02 

+  0.08 

-f-o.  14 

+0. 14 

+  0.07 

—0.03 

-0. 1 3 

—0.23 

-0.30 

—0.30 

- 

0.22 

— 

0. 12 

16 

-0.34 

—0.25 

—0.20 

-  0.22 

—  0.29 

-0.40 

—0.50 

-0.59 

—0.64 

—0.62 

— 

0-55 

— 

0.44 

17 

-  0.60 

-0.53 

—0.49 

—0.52 

—0.61 

-0.71 

—0.81 

—  0.89 

—0.92 

—  0. 89 

0.81 

— 

0.70 

i$ 

—0.81 

-0.74 

—0. 72 

—  0.  76 

-0.86 

-0.97 

-1.05 

—  1.12 

-1. 14 

—  1 .00 

1 .00 

— 

0.89 

>9 

-0.93 

—0.88 

-0.88 

—0.89 

—  1.02 

-I.13 

—  1. 21 

—  1.26 

-1.23 

—  1.22 

- 

1 . 12 

l  .01 

20 

—  0.97 

—  0.94 

-0.94 

—  1 .00 

—  1.  to 

—  1 .21 

-1.27 

—  1.30 

—  1.30 

-r.24 

- 

1. 14 

— 

1 .03 

21 

-0.93 

—  0. 92 

-°-93 

-0.99 

—  1.09 

-1. 18 

-1.24 

->.25 

—  1.23 

-I.I7 

1 .08 

0.99 

22 

—0.83 

—0.83 

-0.  86 

—  0.92 

—  1  .or 

-1.09 

-1. 13 

—  *  -  •  3 

—  1 . 10 

-1.04 

— 

0.95 

— 

0.87 

23 

—0.69 

—0.70 

—0.72 

—  0. 78 

—0.87 

-0.94 

—0.96 

-0.95 

-0.92 

—  0.S6 

- 

0. 7S 

- 

0.67 

24 

-0.51 

—0.54 

-0.59 

—  0.64 

-0.71 

1 

0 

vj 

-0.79 

-0.77. 

—0.72 

—  0.67 

— 

0.60 

— 

0.55 

25 

—0.37 

-0.39 

-0-43 

—0.48 

-0.54 

-0.59 

-0.59 

—0.56 

—  0. 52 

-0.47 

— 

0.41 

— 

0-37 

26 

—0.23 

—  0. 27 

--0.31 

-0.36 

—0. 40 

—0.41 

-0.41 

—0.38 

-0.34 

—0.29 

- 

0.25 

- 

0.23 

37 

—  0. 14 

-0.17 

—0.20 

—0.24 

—0.27 

— 0.2S 

—0. 26 

-0.23 

—0.20 

—0. 16 

0. 13 

— 

0. 12 

28 

—  0.07 

—0. 1 1 

—  0.12 

-0. 15 

—  0. 16 

—0. 16 

-0.14 

—0.  to 

—0.09 

—0.06 

— 

0.05 

— 

0.05 

29 

—0.03 

—0  06 

—0.07 

—0.08 

— 0.0S 

—0.06 

—0.04 

—0.02 

0.00 

+  0.01 

0.00 

- 

0.01 

30 

0.00 

— o.oi 

—0.02 

—0.01 

0.00 

+  0.02 

+0.04 

+0  06 

+0.07 

0.06 

+ 

0.05 

+ 

0.02 

3» 

+  0.05 

+0.05 

+0.07 

+  0.08 

+0.  to 

0. 13 

0.15 

0. 16 

0.14 

0.13 

0. 1 1 

0.07 

32 

+  0. 12 

+0. 14 

+  0. 16 

+  0. 19 

+0.22 

+0.26 

+0.27 

+  0.26 

+0.23 

+  0.20 

+ 

0.17 

+ 

0. 14 

Note. — Each  column  is  computed  for  the  middle  of  the  month,  hut  may  be  used  for  the  entire  month  without  an 
error  ever  exceeding  o.  'oe.  If  much  greater  accuracy  than  this  is  required,  a  horizontal  interpolation  must  be  used. 
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Table  VIII,  6v. 

Horizontal  Argument ,  or  Argument  at  top ,  D — g,  or  D — §■+  3°.  Vertical  Argument ,  g 


g 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

0 

—0.23 

—0.30 

-0.36 

-0.39 

-0.39 

-0.35 

— 0.2S 

— 0. 19 

— 0. 1 1 

-0.03 

4-0.02 

4-0.03 

0.00 

—  0 . 06 

.. 

-0.15 

I 

-0-39 

—0.46 

-0.50 

-0.53 

—0.50 

-0.44 

-0.36 

—0.28 

— 0. 19 

— 0. 12 

—0.09 

-0.09 

-0.14 

—  0.22 

—0.31 

2 

-0-54 

—0.60 

—  0.64 

— 0. 62 

— 0.  58 

-0.52 

-0.43 

-0.34 

—0.25 

— 0. 20 

— 0. 19 

—0.21 

—0.27 

-0.35 

-045 

3 

—0.66 

-0.71 

— 0. 72 

—0.69 

—0.64 

—0.56 

-0.47 

-0.37 

-0.31 

—0.27 

—0.26 

-0.31 

-0.38 

-0.47 

—0.58 

4 

-0.75 

-0.77 

-0.77 

-0.74 

—0.67 

-0.58 

—0.48 

-0.39 

-0-34 

-0.31 

-0.33 

—0.38 

—0.46 

-0.57 

—0.67 

5 

-0.79 

—0.81 

—0.80 

-0.74 

-0.66 

-0.55 

—0.46 

-0.39 

-0-34 

-0.34 

-0.36 

-0.43 

-0.53 

—  0.64 

•-0.74 

6 

—0.80 

—0.81 

—0.76 

—0.70 

—  0.60 

—0.  50 

—0.42 

-0.35 

-0.33 

-o-33 

-0.38 

-0.47 

-0.57 

—0.67 

—0.76 

7 

—  0.78 

—0.76 

-0.71 

—  0.62 

—0.52 

-0.43 

-0.34 

-0.30 

—0.28 

-0.31 

-0.38 

-0.47 

-0.57 

—0.67 

-0.73 

8 

-0.71 

-0.6S 

—0.61 

-0.51 

—0.  2 

-0.32 

-0.26 

—0.22 

—0.22 

—0.27 

-0-35 

-0.45 

-0.54 

—0.61 

-0.68 

9 

—0.62 

—0.56 

-0.47 

—0.38 

—0.28 

—0.20 

-0. 14 

—0. 12 

-0. 15 

—0.21 

-0.30 

-0.38 

-0.47 

-0-53 

-0.58 

IO 

-0.49 

—  0.41 

-0.33 

—0.22 

-0. 13 

—0.06 

—0.02 

—0.02 

—0.06 

-0.13 

—  0.22 

-0.30 

-0.37 

-0.44 

—  0.48 1 

1 1 

-0-33 

—0.26 

—0. 16 

—0.06 

4-0.03 

4-0.09 

4-0. 1 1 

4-0. 10 

4-0.04 

-0.03 

—0. 12 

— 0. 19 

—0.28 

-0-33 

—  0.33 

12 

—0. 18 

—0.08 

4-0.02 

4-o.  1 1 

0. 19 

0.24 

0.25 

0.21 

0.15 

4-0.07 

— 0.01 

— 0. 10 

-0. 17 

—  0. 18 

— 0. 18 

13 

0.00 

4-0. 10 

0. 19 

0.28 

0-35 

0.38 

0-37 

0.33 

0.26 

0. 19 

4-0.09 

0.00 

-0.03 

—0.04 

— o.or 

14 

+0.17 

0.26 

0.36 

0-45 

0.50 

0.51 

0.49 

o.4| 

0-37 

0.27 

0.17 

4-0.13 

4-0. 10 

4-o.  1 1 

4-o.  14 

15 

+0.32 

4-0.42 

4-0.52 

4-0.59 

+  0.63 

4-0.62 

4-0.59 

-I-0.53 

4-0.43 

4-0.34 

4-0.28 

4-0.23 

4-0.23 

4-0.24 

4-0.29 

16 

0.46 

0.56 

0.65 

0.71 

0-73 

0.71 

0.66 

0.58 

0.48 

0.42 

o-35 

0-33 

o-33 

0-37 

0-43 

17 

0.58 

0.68 

0-75 

0.80 

0.79 

0.76 

0. 68 

0.60 

0-53 

0.46 

0.42 

0.41 

0-43 

0.48 

0.56 

i3 

0.67 

0.76 

0.82 

0.84 

0.82 

0.77 

0.69 

0.62 

o-54 

0.49 

0.46 

0.47 

0.50 

0-57 

0.65 

19 

0-73 

0.80 

0.83 

0.84 

0.81 

0-75 

0.67 

0.59 

0-53 

0.48 

0.48 

0.49 

0.  56 

0.63 

0.72 

20 

+0.74 

4-0.79 

4-0.81 

-t-0.80 

4-0.76 

4-0.69 

4-0.61 

+  0.54 

4-0.49 

4-0.47 

4-0.46 

4-0.51 

4-0.58 

4-0.67 

+  0.73 

21 

0.70 

o.75 

0.76 

+0-73 

0.67 

0.60 

0-53 

0.47 

0-43 

0.41 

0.44 

0.51 

0.58 

0.65 

0.71 

22 

0.64 

0.67 

0.67 

4-0.62 

°.56 

0.48 

0.42 

0-37 

0.33 

0-35 

0.40 

0.47 

0-53 

0.60 

0.67 

23 

0.55 

0-57 

0-54 

4-0.49 

0.  42 

0-35 

0.29 

0.24 

0.24 

0.27 

0-33 

0.38 

0.48 

0-55 

0.60 

24 

0.45 

0-43 

0.39 

+0-33 

0.26 

0.20 

4-o.  13 

4-0.  !2 

0. 13 

0.17 

0.22 

0.31 

0.40 

0.46 

0.50 

25 

+0.29 

4-0.28 

4-0.22 

4-0. 16 

4-0. 10 

4-0.02 

—0. 01 

—  0.02 

4-0.01 

4-0.05 

4-0. 14 

4-0.24 

4-0.31 

4-0.36 

+  0.37 

26 

-K-I5 

4-0. 1 1 

4-0.06 

—  0.01 

—0.09 

—0. 14 

—0. 16 

—  O.  l6 

— 0. 13 

—0.04 

4-0.06 

0. 13 

0.20 

0.23 

0.23 

27 

0.02 

—0.06 

—0. 12 

—  0.20 

—  0.  26 

—0.30 

-0.31 

-O.3O 

—0.22 

-0. 13 

—0.04 

4-0.04 

4-0.08 

4-0. 10 

4-0.08 

28 

-0.17 

—0.22 

-0.30 

-O.37 

—  0.42 

—0.46 

—0.46 

-0-39 

—  0.31 

—0.22 

-0. 13 

—0.07 

—0.02 

-0.03 

—  O.  07 

29 

-0.31 

-0.38 

—  0.46 

-0.52 

-0.57 

-0.59 

-0.54 

-O.47 

-0.39 

—0.29 

—0.22 

-0.15 

-0.13 

-0.15 

—0.20 

30 

-0.45 

—0.52 

—0.60 

—  0.66 

—  0.69 

-0.66 

—0.60 

-0-54 

-0.44 

-0.36 

—0.27 

—0.23 

—0.23 

—0.26 

-0.32 

a 

o 

I 

2 

3 

4 

5 

6 

7 

8 

9 

io 

1 1 

12 

13 

14 

•5 

1 6 

17 

18 

*9 

20 

21 

22 

23 

24 

25 

2f> 

27 

28 

29 

30 
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Tablk  VIII,  Sr — Continued. 


Horizontal  Argument ,  or  Argument  at  top,  H—g  or  /J— ^  +  30.  Vertical  Argument ,  g. 


*5 

16 

17 

18 

>9 

20 

21 

22 

23 

24 

2 

5 

26 

27 

28 

2< 

) 

30 

—  0.25 

—  0 

35 

-0.43 

-0.48 

— 0 

.48 

-0 

•4f 

-0 

40 

— 0 

3' 

—  0 

23 

-O 

M 

—  O 

og 

— 0 

07 

— 0 

08 

— 0 

[2 

—  O 

18 

—  0.26 

—0.41 

—  0 

51 

—0.58 

—  O.6o 

— 0 

.60 

—  0 

-0 

48 

— 0 

40 

—  0 

30  —  0 

25 

—  O 

20 

— 0 

20 

-  0 

22 

— 0 

28 

—  O 

3s 

—0.42 

—0  56 

—  0 

64 

—  o.6g 

—  O  71 

—  0 

.68 

—  0 

62 

—  0 

55 

— 0 

45 

—  0 

3' 

—  0 

33 

—  O 

3i 

—  0 

32 

— 0 

36 

— 0 

42 

—  O 

S'1 

-0.57 

—0.68 

—  0 

74 

-0.79 

—  O.  78 

— 0 

•74 

—  0 

67 

-0 

56 

— 0 

5' 

—  0 

44 

— 0 

40 

—  O 

39 

— 0 

42 

—  0 

47 

— 0 

55 

—  O 

63 

—  0.  70 

—0. 76 

—  0 

82 

-0.83 

—  O.81 

— 0 

■  7< 

—  0 

67  — 0 

60 

—  0 

52 

-  0 

47 

-0 

45 

—  O 

4' 

—  0 

50 

—  0 

57 

-0 

65 

—  O 

73 

-*0-77 

—0.81 

—  0 

84 

—0.84 

—  O.80 

— 0 

•  74 

— 0 

66 

-0 

58 

—  0 

52 

— 0 

48 

— 0 

48 

— O 

50 

—  0 

56 

—  0 

64 

— 0 

72 

—  O 

78 

—  0 .  So 

—0.80 

— 0 

83 

—0.81 

—  O.  76 

— 0 

69 

—  0 

61 

—0 

54 

— 0 

49 

—  0 

47 

—  0 

47 

—  O 

52 

— 0 

60 

—  0 

68 

— 0 

74 

—  O 

78 

-0.8 1 

-0.77 

— 0 

77 

-0.74 

-0.68 

— 0 

Co 

-0 

53 

—  0 

47 

—  0 

43 

— 0 

42 

— 0 

46 

—  O 

52 

— 0 

60 

— 0 

67 

—  0 

73 

—  O 

77 

-0.77 

— o.6g 

— 0 

6g 

—0.6.1 

-0.57 

—  0 

50 

— 0 

43 

—  0 

39 

—  0 

35 

—  0 

37 

—  0 

42 

—  O 

50 

—  0 

57 

— 0 

63 

— 0 

69 

—  O 

7i 

—  0. 70 

—0  60 

—  0 

56 

-0.51 

-G.43 

— 0 

37 

— 0 

3' 

—0 

26 

—  0 

26 

— 0 

3o 

—  0 

3f' 

-O 

43 

— 0 

5' 

—  0 

58 

—0 

62 

—  O 

62 

-0.59 

—0.46 

— 0 

42 

-0.35 

—0.28 

— 0 

22 

—  0 

16 

—0 

14 

—  0 

16 

—  0 

21 

—  0 

27 

—  O 

35 

— 0 

43 

—  0 

49 

—0 

52 

—  O 

5i 

-0.45 

—0.30 

—  0 

25 

— 0.  19 

—0. 12 

— 0 

°5 

—  0 

01 

—0 

02 

-0 

04 

— 0 

10 

—  0 

18 

—  O 

27 

—  0 

34 

— 0 

39 

—0 

40 

—  O 

36 

—  0. 29 

-0.13 

—  0 

08 

—  0.01 

40.07 

40 

12 

4-0 

*3 

4o 

12 

4o 

oS 

0 

00 

— 0 

09 

—  O 

'7 

— 0 

23 

— 0 

26 

— 0 

•» 

—  O 

20 

-013 

+0.03 

+0 

IO 

+  0.18 

0.24 

O 

27 

0 

28 

0 

25 

0 

18 

-t-O 

10 

4-0 

01 

—  O 

Of) 

— 0 

1  2 

—0 

1 3 

— 0 

10 

—  O 

01 

4-0.05 

0.20 

0 

28 

0. 31; 

0. 40 

0 

43 

0 

4' 

0 

35 

0 

28 

0 

19 

0 

10 

4-o 

03 

0 

00 

4-o 

01 

4-o 

05 

4-0 

1 2 

0.22 

+  0.37 

+  0 

44 

4-0.51 

+0.55 

4-0 

55 

4-0 

5' 

40 

44 

4-o 

35 

4-0 

26 

4-o 

1 5 

4-o 

13 

4-0 

1 1 

4-0 

•3 

4-0. 

*9 

+  0 

28 

4-0.36 

0.51 

0 

58 

0.65 

0.66 

O 

63 

0 

58 

.0 

50 

0 

4> 

0 

33 

0 

25 

0 

21 

O 

21 

0 

25 

0 

32 

0 

40 

0.51 

0.63 

0. 

71 

O.74 

0-73 

O 

6g 

0 

63 

0 

54 

0 

45 

0 

36 

0 

30 

0. 

28 

O 

29 

0 

35 

0 

42 

0 

52 

0.63 

0.73 

0. 

78 

0.  78 

0.77 

O 

72 

0. 

64 

0. 

55 

0 

45 

0 

3S 

0 

33 

0 

33 

O 

36 

0 

4' 

0. 

54 

0 

62 

0.71 

0-77 

0. 

80 

0.81 

0. 73 

O 

7' 

0. 

62 

0. 

52 

0 

43 

0 

37 

0. 

34 

0 

3‘ 

O 

39 

c 

47 

0. 

57 

0 

68 

0.76 

+0.77 

+  0. 

80  4-o.  7g 

4-0.74 

4-0 

66 

4-0 

56  4-0.46 

-l-o 

39 

4-0. 

34 

4-0. 

32 

4-0 

3i 

4-0 

40 

4-0 

50 

4-0. 

60  4-  0 

70 

4-0.77 

0.76 

0. 

76 

0.73 

0.67 

O 

57 

0. 

47 

0. 

39 

0. 

3' 

0. 

28 

0. 

28 

0. 

32 

O. 

40 

0 

50 

0. 

59 

0 

68 

o.73 

0.70 

0. 

68 

0.64 

0.55 

O 

45 

0. 

36 

0. 

28 

0. 

23 

0. 

20 

0. 

22 

0. 

28 

O 

37 

0 

46 

0. 

55 

0. 

62 

0.66 

0. 60 

0. 

58 

0.51 

0.  42 

O 

32 

0. 

23 

0. 

16 

4-0. 

1 1 

0. 

1 1 

0. 

1  5 

0 

22 

O 

30 

0 

40 

0. 

48 

0. 

53 

0.57 

0.49 

0. 

43 

0  35 

0.26 

4-0 

if 

4-0. 

08 

4-o. 

02 

—  O. 

01 

+  0. 

01 

4-0 

06 

0. 

13 

O 

22 

0 

3' 

0. 

3S 

0 

43 

0.44 

fo.34 

+  0. 

27 

4-0.  Ig 

4-0  O  i 

0 

00 

-0 

07 

— 0. 

13 

—  O 

14 

—  0. 

1 1 

—  0. 

05 

4-0 

04 

4-0 

12 

4-o 

20 

4-0. 

27 

4-0 

30 

4-0.29 

0.  i8'+o. 

1 1 

4-0.01 

— 0.0S 

-<o 

'7 

— 0. 

24 

—  0. 

2/ 

-O. 

26 

—  0. 

23 

— 0. 

•5 

—  0. 

o’ 

+ 

1- 

0 

02 

4-0 

10 

4-0. 

14 

4-o 

1 5 

4-0. 12 

+  0.02 

— 0. 

06 

— 0. 16 

-0.25 

—  0 

34 

— 0 

39 

—  0. 

4i 

—  O. 

39 

— 0. 

33 

—  0. 

26 

—  0. 

16 

— 0. 

08 

— 0 

02 

0. 

00 

—  0 

01 

—0.05 

—  0. 14 

—  0. 

23 

—  0.32 

—0.42 

— 0 

49 

— 0. 

53 

— 0. 

54 

—  O. 

50 

— 0. 

4.3 

—  0. 

35 

—  0. 

25 

—  0. 

'9 

— 0 

14 

— 0. 

'  4 

-0 

47 

—  0.20 

—0.28 

— 0. 

37 

—0.48 

-0.57 

— 0 

63 

— 0. 

65 

-  0. 

64 

—  O. 

58 

—  0. 

50 

—  0. 

41 

— 0 

34 

—  0 

2S 

— 0 

26 

—  0. 

27i 

—  0. 

29 

-0.35 

—0.41 

— 0. 

51 

—0.62 

—0.69 

— 0 

73 

— 0 

7  1 

— 0. 

70 

—  O. 

64 

— 0. 

55 

— 0. 

47 

—  0. 

4i 

— 0. 

37 

—  0 

37 

— 0. 

37 

— 0 

42 

-0.49 

7  M 
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IX. 


Table  X. 


Argu  mait,  g.  Factor  to  be  Argument,  u.  Factors  for  correction  of  latitude  and  reduc- 
multiplied  by  n  oz.  tion  to  ecliptic  longitude. 


F 

u 

(Ft) 

(F(3) 

tf/3, 

o 

4-  0. 1 18 

0 

—  0.004 

4-  0.090 

0.00 

I 

0.114 

I 

—  0.004 

0.088 

—  0.03 

2 

0. 103 

2 

—  0.003 

0.081 

—  0.07 

3 

0.086 

3 

—  0.001 

0.069 

—  0. 10 

4 

0.065 

4 

4-  0.001 

0.054 

—  0.12 

5 

H-  0.040 

5 

4-  0.003 

4-  0.036 

—  0. 14 

6 

-I-  O.015 

6 

0.004 

4-  0.017 

-  0.15 

7 

—  o.oog 

7 

0.004 

—  0.004 

-  0.15 

8 

-  0  034 

8 

0.004 

—  0.024 

-  0.14 

9 

-  0.054 

9 

4-  0.002 

-  0.044 

—  0.13 

IO 

—  0.072 

10 

0.000 

—  0.060 

—  0. 11 

1 1 

—  0.086 

1 1 

—  0.001 

-  0.074 

—  0.08 

12 

—  0.096 

12 

—  0.003 

—  0.084 

—  0.05 

13 

—  o.ior 

13 

—  0.004 

—  0.089 

—  0.02 

14 

—  0.103 

14 

—  0.004 

—  0.089 

4-  0.01 

•5 

—  0.099 

15 

—  0.003 

—  0.085 

4-  0.05 

j6 

—  0.092 

16 

—  0.002 

—  0.076 

0.08 

17 

—  0.080 

17 

0.000 

—  0.064 

0. 11 

18 

—  0.065 

18 

+  0.002 

-  0.047 

0.13 

J9 

—  0.046 

19 

0.003 

—  0.028 

0.14 

20 

—  0.024 

20 

-r  0.004 

—  0.008 

4-  0.15 

21 

4-  0.001 

21 

0.004 

4-  O.OI2 

0.15 

22 

0.026 

22 

0.003 

0.032 

0. 14 

23 

0.051 

'  23 

4-  0.001 

0.050 

0. 12 

24 

0.075 

24 

0.000 

0.066 

0. 10 

25 

+  0.094 

25 

— .  0.002 

4-  0.078 

4-  0.07 

26 

0. 109 

26 

—  0.004 

0.086 

0.04 

27 

0. 116 

27 

—  0.004 

0.090 

4-  0.01 

28 

0. 117 

28 

—  0.004 

0.089 

—  0.03 

29 

0.  no 

29 

—  0.003  ' 

0.082 

—  0.06 

30 

+  0.096 

30 

—  0.001 

4-  0.072 

—  O.Og 
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Table  XI. 


Factors  for  converting  small  changes  of  longitude  and  latitude  into  changes  of  right  ascension  and  declination. 

Arguments ,  D 's  longitude  and  latitude. 

Formula :  Aa  —  Av  +  (y.a)Av  +  (ft .  a)  A(1 ; 

AA  =  A,i  +  (v .  A)  Av  4-  (/i  .  ri)  Af). 


5  's  long. 

(v.n) 

(/>.«) 

(v.A) 

(M 

fi  =  -  5° 

o° 

4-  5° 

o° 

4  5° 

O 

270 

4  .133  4 

4-  .  090  4- 

4-  .050  4- 

.000 

.000 

.000 

.000 

.000 

270 

275 

.131 

.089 

.049 

-  -043  4- 

—  .041  4- 

—  .040  4- 

4  .038  - 

—  .001  - 

265 

280 

.126  + 

.084  4- 

.045  4- 

-  .085  4 

—  .081  4- 

-  .079  4 

.075  - 

—  .003  — 

260 

285 

4  .117 

4-  .076 

+  -039 

—  .  126 

—  .  121 

-  .117 

4  . 1 1 1  — 

—  .006  — 

255 

2QO 

.105 

.066 

.030 

-  .165 

-  .158 

-  .154 

.147  - 

—  .Oil  — 

250 

2<)5 

.091  4- 

•055  + 

.021  4- 

—  .202  4- 

-  .'93  4 

-  .188  4 

.  180  — 

—  .016  — 

245 

300 

+  -074 

4-  .041 

4-  .009  4- 

-  .235 

—  .226 

—  .220 

4  .212  — 

—  .023  — 

240 

305 

.057 

.027 

-  .003  - 

—  .265 

-  .256 

—  .250 

.242  — 

—  .030  — 

235 

310 

•03«>  4- 

4-  .01 1  4- 

—  .016  — 

—  .292  4 

—  .282  4 

-  .277  4 

.  269  — 

-  .037  - 

230 

3*5 

4-  .021 

—  .004  — 

—  .028  — 

-  .316 

-  .3  06 

—  .301 

4  .293  - 

—  -044  - 

225 

320 

4-  .003  4- 

—  .018  — 

—  .040  — 

-  -33<> 

—  .326 

—  .322 

•3*5  - 

-  .051  - 

220 

325 

—  .014  — 

—  .032  — 

-  .052  - 

-  -353  4- 

-  -344  4 

-  .340  4 

•335  - 

—  .058  — 

215 

330 

—  .030  — 

-  -045  - 

—  .061  — 

-  .368 

“  .359 

-  -356 

4  .352  - 

—  .064  — 

210 

335 

-  .044  - 

—  .056  — 

—  .070  — 

-  -379 

-  -371 

-  -369 

.  366  - 

—  .069  — 

205 

340 

.056  — 

—  .065  — 

-  .077  - 

-  .33S  4 

—  .381  4 

-  -379  4 

.378  - 

-  -074  - 

200 

345 

—  .066  — 

-  -073  - 

—  .082  — 

-  -395 

-  .388 

-  .3S8 

4  .386- 

—  .078  — 

*95 

350 

-  -074  - 

—  .078  — 

—  .085  — 

-  -399 

“  •  394 

-  -394 

•  393  - 

—  .080  — 

190 

355 

—  .080  — 

—  .081  — 

.085  — 

—  .401  4 

-  • 397  4 

-  -399  4 

•  397  - 

—  .082  — 

185 

•  0 

—  .084  — 

-  .0S3  - 

-  .084  - 

-  .401 

-  -398 

-  .401 

+  •  398  - 

--  .082  — 

180 

5 

—  .085  — 

—  .081  — 

—  .080  — 

-  -399 

~  -397 

—  .401 

•397  - 

—  .082  — 

*75 

10 

—  .085  — 

—  .078  — 

-  -074  - 

-  -39-1  4 

-  • 394  + 

-  . 399  + 

•  393  - 

—  .080  — 

170 

15  * 

—  .082  — 

-  -073  - 

—  .066  — 

-  .388 

-  .388 

-  .395 

4  .386- 

—  .078  — 

165 

20 

-  .077  ~ 

—  .065  — 

—  .056  - 

-  -379 

-  .381 

-  .388 

•  378  - 

—  .074  - 

160 

25 

—  .070  — 

—  .056  — 

—  .041  - 

—  -3&9  4 

-  -  37*  4 

-  -379  + 

.366- 

—  .069  — 

*55 

30 

—  .061  — 

-  .045  - 

—  .030  — 

-  -356 

-  -359 

-  .368 

+  -352  - 

—  .064  — 

*50 

35 

—  .052  — 

—  .032  - 

—  .014  — 

-  .340 

-  -344 

-  -353 

•  335  - 

—  .058  — 

*45 

40 

—  .040  — 

—  .018  — 

4-  .003  4- 

—  .322  4- 

-  .326  4 

-  -336  4 

•3*5  — 

-  .051  - 

140 

45 

—  .028  — 

—  .004  — 

4  .021 

—  .301 

—  .306 

-  .316 

+  • 293  ~ 

-  044  - 

*35 

50 

—  .016  — 

4-  .011  4- 

.039 

-  .277 

—  .282 

—  .292 

.  269  — 

—  -°37  — 

130 

55 

—  .003  — 

.027  4- 

•  057  4 

—  .250  4 

—  .256  4- 

—  .265  4 

.242  — 

—  .030  - 

*25 

60 

4-  .009  4- 

4-  .041 

4-  .074 

—  .220 

—  .226 

-  -235 

4  .212  — 

—  .023  — 

120 

65 

.021 

•  055 

.091 

—  .  1 85 

-  -  >93 

—  .202 

.  l8o  — 

—  .016  — 

1 15 

70 

.030  4- 

.066  4 

.  105  4- 
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